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CHAPTER 3
THE SOLYD-STATE INVERSE TIME-LAG RELAY
WITH DEFINITE MINIMNUM TIME LAG

3¢1 The Systes Elock Diagrem
The block diagram of the solid-state inverse time-=lag relay

with definite nminimum time lag is shown in Fig.3.1-1. Bleck 1 is
composed of a current transfermer, a voltage or potemtial transformer,
a fullwave bridge rectifior and & d.o. filter. An a.c. input cwrrent
is converted into a fullwave rectified voltage and a d.c. voltage,
proportional to the input current.

Ve * x“tx“/xpo (3.1-1)
v - K“(I“/i'l (3e1-2)

ac
where V, = the d.c. output voltage

V. _ = the a.c. fullwave rectified peak voltage
= a proportionality constant

E__ = a proportionality constant

I _ = the a.¢e input current

I_ = the pick-up current (the curremt at which the relay

starts operating)

Block 2 consists of an amplifier and an integrator. The amplifier
amplifies V, dintoc the form of a dee, ceurrent which is integrated by
the integrator. The integrator produces the sweep voltage V_, propor-
tional to the time, whose sweep speed varies directly as the magnitude
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-tthl.c-mmldn. The integrator will normally not operate
“aﬂuthgdpﬂ?lttmﬂwkﬁhmﬂd-

Tie = ExoVae (3.1=3)
v, = KX et (3.1=4)

where I“ = the amplified d.c. curreant
V. = the sweep voltage of the integrater
K, = an amplifier proportionality constant
::I. = an integrator proportionality constant
t = time
Substitute Eq.(3.1=1) into Eq.(3.1=3),
I = K, oKoulX /1) (3.1=5)

de
and substitute Eq.(3.1=5) into Eq.(3.1-4)

Vo= K K eKol(T /TL) et (3.1-6)
Block 3 is a voltage comparntor which produces a trip signal
Y when the sweep voltage v, equals the reference voltage 'r'
M!mthtﬂpﬂnﬂfﬁhilllmh;lﬂﬂmtiﬂﬂiﬂ
hpﬂlnthl-pitﬂtdthimtmtlu. I.'leI“hl-
excecded IF'
Let V_, = the reference voltage
T = the delay time of the trip signal, after I__ having
exceeded Ip
Substitute V_ = V_ and t= T into Tq.(3.1=6) and rearrange, the
result is

T = v J{lim‘.-l!-(l-‘ﬂ,)ﬁ (3.1=7)
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Equation (3.1-7) is the operating characteristic of the designed
relay. It is seen that the operating time T varies inversely propore!
tional to the input current I_ . The pick-up current cam be varied
nu;-uummu-ml,nn-d:h A set of the operating
w-mmwmmr-rmmwrr.

K, can be varied by the value of the capacitor of the integrator.
lduﬂllzmﬂnlbythnlm-tth-dr-dt components.

Block & is a comparator, with a hysteresis characteristic, which
receives the fullwave rectified veltage V o from bleock 1 to determine
whether I exceeds IF' If I . is larger than Ip it generates a pulse
train voltage ‘I'ﬂ.h ipdicate an overcurrent condition, which is fed
into bleeck5, the amplifier, the two outputs of which dre V

st
These two output voltages are used to start the integrator and to allow

the trip signal through the or-gate respectively. Bleoek 6 is also
a comparator similar teo block & , it receives the d.c. voltage Vie

and 'll

from block 1 to determine if the a.c. imput current I  is larger

than the instantaneous pick-up current Ii]: (this block is the definite
minimum time-lag or instantaneous unit), if so its output trip signal

is amplified by block 7,the amplifier, V , the output of which initiates
the or-gate to produce the final output trip signal. The purpose of
using the or-gate is to share the same output amplifier between the
delay trip eignal 'I'. and the instantaneous trip signal 'cz‘ The

output of the or-gate passes through the and-gate to block 8, the

output amplifier, only when the overcurrent signal V_ from bleck 5



is present. The advantage of using the and-gate is to eliminate
the “overtravel of the integrater.

3.2 The Designed Circuit

The photograph of the designed solid-state relay ie shown in
Fig.3.2=-1. The designed circuit is shown in Fig.3.2-2. The ecircuit
components are as follows :-

CT. ratio =111

PT. ratio = 11 128

l,. variable resistor = 2.5k

II... Fl-----h II“ = ““1 m

lz. potentiometer = 20 k

l,‘ e 12 k

c e 15 uf
I,‘.!'.!.“.!“.I,’Jﬁ.!ﬁ.

'!." = 0C71 PNP transistor
The rest transistors = 28302 PNP transistor
et -3k

n, = h-? k

Iﬂ = 28 k

Gl ) = 200 mf

l', - 1-5 k

l,. = 2.7 k

"5 oy

D = Zener diode 15 wvoltes
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-,-‘k

o5

.l5 = 5.6 k
Ry potentiometer =Sk

l, = 5.6 k
l‘ = 1k

I,'. = 12k

l.’. = 2.2 k
®7e ..

ll.' =15 k

l* = 12 k
l’ = 12 k
‘9. = 100 k
"‘Ih e 12 k
l‘lﬁ = 100 k
Reo = 8.2 k
l,“. = 5.6 k
B ol
Ro1q = 3.9k
l1h = 2.7 k
Ryop =3k
Iﬂ! = 0.9 k

Remark t k = kilo-ohm, mf = mnicro-farad
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21

8 % ¥

= 0.1k
=15k
=12 k
= 0,39 k
=39k
= 6.8 k
=1k
= 33 k
= 10 k
=33k
= 10 k
= 68 k

= 1.8 k
= 1.5 k
= 18 k

=10 k
= 8.2 k
=82 k
= b7 k
= 5.6 k

= 3.9 k
= 50 mf
= 15 k
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Roat
B2

113, potentiometer

Ray

115

R16

The operation of the ciremit

and Test of E

12 k
0,56 k
5k
2.7 k
6.8 k
1k

18 k
82 k
15 k
12 k
100 k
15 k
is explained in section 3.h.

This section is devided inte 7 parts, as follows:=-

1. the input eireuit (block 1)

2. the integrator cireuit (bleek 2)

3, the comparator-1 cirouit (block 3)

4. the comparator-2 circuit (block &)

5. the comparator-3 and amplifier-2 circuit (block 6 and 7)

6. the amplifier-1 circuit (block 5)

7. the output amplifier and and-or gate eircuit (bleck 8)



3+3¢1 The Input Circuit (block 1)

Function 3
To produce a fullwave rectified voltage ‘I'“ and a d.c. voltage
‘I’l'. proportional to the input curremt I“.

Cireuit and circuit operatiom :
The input circuit:is shown in Fig.3.35.1=1. The current trans-
former and voltage tramsfermer produce an a.c. voltage acress R_,

mtmututh-ummz“. (One transformer can be used

if 1t is specially designed.) D,, D, Dy and D, form a bridge recti-
fier which rectifies the m.c. voltage across li, to be the fullwave
rectified voltage across l,'. .‘Il‘...!r and C form a d.c. filter which is
separated from 31 by 95 s0 that the voltage across B1 is still a

fullwave voltage. The waveforms of ‘I’.. and ‘l". are shown in Pig.%.%.1=2.

Circuit components :
the current transformer t the turn ratio 1: 13; 2.5 volt-amp;
max. secondary curfent 5 amp
the voltage transformer ¢ the turn ratio 1:128; 5 watte;
max. secondary current 5 amp

l'. variable resistor t 2«5 k; 3 watts

‘1' potentiometer : 20 k; 3 watts

R, t 12 kj 0.5 watts

c t 10 uf and 5 ufy 50 velts

F1MII5 t 18121 diodes; 150 volt peak reverse

voltagej 200 ma max. average forward
current
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Desdgn :

In order to obtain & linear relation between the input curreat
and the output voltage, the current transformer should mot saturate.
The saturation depends on the secondary load of the current transformer.

Max. sscondfry voltage of CT = 2.5/5 = 0.5 volts

Choose l' = 2.5 k

Mﬂ-d%mmutmhthmmm!w
mmtimdturm1h2ﬂﬂp(1u!hthpinh-umt
and 20 arp is 20 times of pick-up surrent).

For Iu = 20 amp,
the secondary voltage of CT -(m(u}-{z.sﬂo’ﬁaﬂzl

= 0,255 volts

This voltage is less than 0.5 volts, therefore the curreat trans-
former does not saturate, and still some wvoltage is left for the
resistance of the voltage transformer which is not considered.

ru1uphp-tmt.thmmw“l’.dm
the bridge rectifier load, ie

(14013°128))72.5°10° = 1.5 Femes. volts = 2.22 peak volts

Thie voltage is large enough to overcome the toe voltage of the

bridge rectifier diodes, which is about 1.2 volts.

Remark : * denotes multiplicatiom.
1mmmtm-rmmculmuwm;u.imh.

Millman, Jacob and Taub, Herbert. 1965. Pulse,Digital and Switching
Yaveforms. New York: McGraw-Hill Book Co.Inc. Chapter 6 Sec.6.1 P 181.



&3

g1um-nthtltdu-utbmtu-lﬂmttm

l’-
h’ll,‘-‘izl

lahm-nnhlthI'ntMl—uu)Aﬂtﬂm
be used to filter out the d.c. voltage.

Choose lE =20k

Lot wR,C = 100

T Ripple factor = 0.01

we= 223,196f = 2°3.1516°50 = 314,16 rad/sec
therefore,

C = 100/(314.16°20°10°) = 15.9 mf

The capacitors of 10 mf and 5 nf are used.

Experiment @

To determine the relatiom of tThe . eurrent I“ and the output
veltage V_  and V, .
Equipments :

2 Simpsen veltmeters with 1 adapter

1 Oseilloscope

1 Variac-4.5 kva

1 Variac-1 kva

' Ryder, J.D. Engineering Flectrenies. New York : MeGraw-Hill
Book Co. Inc. Chapter 10 section & Page 339.



Frocedure @

The experiment circuit is shown in Fig.3.3.1=3. The two
variacs are used te adjustcthe desired input current which is
measured by the simpson voltmeter with adapter. The corresponding
output voltages V,  and V, are measured by the oscilloscope and
the simpson voltmeter resmectively. The readings are tabulated in
table 3eJ.1=1.
Result :

mmd?iﬂmluhmnhmmmjﬂ-h
The voltage V, varies linearly with the input curremt I__ but the
graph does not pass through the origin. This is due to the toe
voltage of the diodes. The offset curremt is about 1 amp. The
obtained result does not satisfy Zq.(3.1=1), but a compensation for
the offset will be performed to satisfy Eqe(3.1-5) in Sec.3.3.2.
Y“Mml:mrﬂh‘ﬁrl“#‘lm. It is used to design
the comparateor=2. !hﬂppltafid.hvm-ﬂlm“mh
measured. It can be seen by using the osecilloscope with emlarged
scale but the waveform is mot stable.

3.3.2 The Integretor Circuit (block 2)
Funection @

hpﬂmm-mwltmv.rhnumwum
muthmm:‘..
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Table 3.3.1=1

I.‘ T:M.8, amp F‘E velts ?.q peak fnlt-
1 0.1 0.5
1.5 0.k
2 0.8k
2.5 1.39
3 1.97
b 3.1
5 k.2
6 5.2
7 6,3
8 7.4
9 8.7
110 9.8

11 10.7

12 11.8

13 12.8

1k 13.8

15 14.9

16 16.0

17 17.1

18 18.1

19 19.0 |
20 20,5 |
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Cirecuit and eoircult operation 1@

The integrator eircuit is shown in Fig.3.3.2-1. !1

an emitter follower amplifier which converts the input veoltage Ia.

acts as

inte the d.c. current I". R.1 and !'! are blasing resistors.

l, is the load resistor of !1. !2 is used as a constant current

source to charge the capacitor Gl linearly. Ds blocks the capacitor

C, from discharging through the collector of !z but through 57-

i

The zener diode n'1 serves as a constant voltage source. !] is

included in the e¢ircuit as a switeh to start or stop integration.
Normally when an overcurrent does mot ecour ( I, is less than I,),
Fiu is zero amd '-t iz =10 volts or higher. Thus there is a small

bissing current flowing into T_ emitter and T, is saturated. In

2 3

this situation D' ies shorted to ground and therefére mo T_ collector

1 2
current can flow to charge the ecapacitor ci' then the wvoltage ?;

stays at zero. When an <overcuprent ocecurs '-t falla to sere and

consequently cuts '1'3 off. Now ?‘c. which is larger than before,

causes a certain lavger current to flow inteo !z emitter and become

T. collector current with the aid of D.1.thn constant voltage,

2
The TE colleetor current will charge the capacitor Gi linearly until
the veltage across it equals the D'1 voltage. The time function of
the sweep voltage ?; is given by Eq.(3.3.2=1).

' 1
Vg, = =15+ "Idc't‘ui (3.3.2-1)

1 Millmen, Jacob and Taub, Herbert. 1965. Pulse, Digital and
Switching Waveforms. New York: McGraw-Hill Book Co. Inc. Chapter 14
See.7 Page 531.
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where V_ = the sweep voltage
«15 = the nﬂ reference voltage in wolts
= T, emitter current
a = the common base current ptunf!a
g ® the integrating ecapacitor
t = time
The charging equivalent circuit im shpwn im Fig.3.3.2-2 and
the waveforn of V, is shown im Pig.3.3.2-3 (I, = 0.2% ma,C,= 0,047 uf).
If 7, is turned on after C, having been cempletely charged the
voltage across O, will discharge through D, and 7. r;umw
clamped to the forward yveltage drop of D, but the eollector veltage
'e} ean not change instantaneocusly because of the present wvoltage
across C;. The discharging time denends on the time comstamt R_,.C,
and the base saturstion current of ?,. The discharging equivalemt
cdrcuilt 1a shown in Figz.3.3.2-4. The variation of the T, collector

3
wvoltage with time 1s gilven by Eq.(3.3.2-2).
_ e 3
Tﬂs = =15 t‘-!b}--.,—“,)-t‘- m%,; (3e3.2-2)

where 'GS- the '!3 collector voltage

b -thmdmmﬂlﬂ!:’

11.3" the !.'3 base spaturation current

—

1 rb1d. Chapter 8 Section 12 Page 29%.
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ﬁm-ﬂdf',h-hn—hﬂ‘.JoioH(ﬂl-ﬂMﬂ.
!‘3-3.!‘). It 48 seen that ‘l’“ml‘r—-ﬁvﬂhhl.}
volts (!’ collector to emitter saturation voltage) linearly because
of the imaginary aiming voltage (b.!u.l"- 30) is very large (please
see Fige3.3.2=6). The discharging process fﬂﬂtmh-lll-—
pletely charged is the same as the previous discussion. The difference
is only that the initial voltage of discharging is less than -15 volts.

Circuit components 3

T, t 20697 PN (see the characteristics in Se€e3:3.7.1)
’z and !, ¢ 23302 PAP {see the characteristics in M-J.J-‘hﬂ

Dg and n,', t 15121 diode (see the characteristics in Sec.3.3.1)

n“ : Zener dicde; 15 woltes £ 5¥; 250 mw
B’_ : two 100 mf capacitors; 25 wolts
l“ t 3% ki 0.5 watts

l, 1 4.7 kj 0.5 watte

I.I 1 27 k and 1 kj 0.5 watts each

I., t 15 kj 2 watts

Ry, $ 2.7 k3 0.5 watts

l,. : 39 ki 0.5 watts

Design @
Mth-d—wﬁ-dpu-ﬂhﬂh‘lﬂl watte.



I. = 150/15 = 10 ma (see Fig.3.3.2-7a)

Therefore,
3 * (30 - 15)/10 = 1.5 k
l} is chosen s¢ that max. Idc does not exceed the minimum

gener diode current I‘. This is because when Idn flows inte !é

emitter and T  turans off, !E collector current Ica is almost equal

3

to I This collector current decreases the zener dipde current

de*
(".‘ m-:i-).!-'ﬂi) -
1

Let consider the worst situation that I. is minimum.
I, = (30 - TB)/A5 = (30°0.9 = 15*1.05)/(1.5%1.1) = 6.8 ma

(please see Fig.3.3.2-7a)
Therefore the maximum of I . is 6.8 ma which makes . o equal

gero (see Fig.3.3.2-7b). If at least 1 ma is allowed to. . 1 1>

flow through the zener diode se that it will not omrate in the region
of the knee of its characteristic. Therefore the maximum of I'E is
only 5.8 ma which is approximately equal to the maximum of I, .

Since the maximum V, is 20.5 volts (from Sec.3.3.1),then

l) L 20-5)'5-5 = 3-5‘# k

Chosgse E} = 4.7 k (to make sure that Id- does not exceed 5.8 ma)

Re1

1 ma flows through T1 when 1¢e is zero.

is the bilasing resistor of T1 and chosen so that about

Let R.1 =33 k

1 The bar under the symbol or number denmotes the minimum value
of that quantity. The bar over the symbol or number denotes the
maximum value of that guantity.
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To choose the value of ‘.z

the transfer characteristic between I, and I, (see experiment-1 of

an experiment is performed to find

this section). The result is shown in graph sheet 3.3.2=1. The
curve (a) is the transfer characteristic without R, in the eircuit.
The offset on the I__ axis is 2.1 amp. The line (b) is drawn
parallel to the line (a) and passes through the origin. On the line
(b) I o ®aual to 1 amp corresponds to I, of 0.25 ma. Let bias T,
to operate at the emitter current of 0.25 ma. When Id' is zero, T1
and T, emitter voltages are -0.6 and 0.6 volts respectively! The
current flowing from !z emitter to !1 emitter through R3 is

(0.6 + 0.6)/8.7 = 0.26 ma.

The required current flowing into TE emitter is 0D.25 ma.

Therefore the current flowing through R-E = 0.2640.25 = 0.51 ma
R.> =(15 =« 0.6)/0.51 = 28.2 k

Use two resistors of 27 k and 1 k.

To select the values of R

3a
as in the output amplifier design(in Sec.3.3.7.2).

and tjh the procedures are followed

The two inequalities are
<
Ry = 1.15{(25/13t - 0.1) (3.3.2-3)
>
RJ- = 9-2}"35-5;!3' + El“} (}-3-2—#]
The calculated data of the above inegqualities are in table 3.3.2=1

and in table 3.3.2-2 respectively.

. Millman, Jacob and Taub, Herbert. 1965. Pulse, Digital and
Switching Waveforms. New York: MeGraw-Hill Book Co. Imnc. Chapter 6
Sec.18 Table 6-1 Page.219.



From graph sheet 3.3.2-2"

lh-aa?k*”

"'”k*”

ﬂihm corresponding to the desired maximum delay time.
Let the maximum delay time is 12 seconds which occurs whem the current

I, ie minimum which is 0.25 ma. Substitute t= 12 secconds, V,_ = O
and & = 0.93 in Eq.(3.3.2-1), therefore
C, = 0.93°0.25°1077212/15 = 186 mt
Choose C, to be 200 mf.

Experiment-1 :
To determine the transfer characteristics between '.'I:ml and I de

with and without R-E in the circuit.

Equipmente :
1 Current source; Relay Teater Model S5R=51; Multiamp Devision
Cranford N.J.
1 Sinpson d.c. ammeter
1 Oscilloscope

Procedure @
The experiment circuit is shown in Pig.3.3.2-8. The input

' The rectangular area in graph sheet 3.3.2-2 dences the
poasible resistance variation of the resistors.
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g

circuit (block 1) is used to supply the d.c. voltage Ve

integrator amplifier, with the aid of the current source equipment.

to the

The d.c. current I, flowing into T, emitter is read from the

simpson ammeter. The comparator-1 (block 4) is used to indicate that
I_o °f 1 amp corresponds to the designed pick-up current (see compara-
tor-2 in Sec.3.3.4), n, of the input ecircuit (bleck 1) is adjusted

in such & way that S“ of 1 amp causes the comparator-1 to generate

a pulse train voltage at its output terminal, which is observed by
the oscilloscope. Table 3.3.2-3 is the set of readings of I.‘ and

I Without R, in the circuit. Table 3e3.2=4 tabulates the readings

2
of I.' and I‘.. with l'z in the ecircuit.

Result :

Graph sheet 3.3.2-1 shows the relation between Idlc and I.c, which
are ourve (a) before compensation and curve (e¢) after compensation.
It is seen that the extension of curve (¢) passes through the origin
an therefore Eq.(3.1-5) is satisfied. This will be clear ifn-the next

experiment.

Experiment-2 @

To determine the constant K .Kz of Eqe.(3.1=5).

de

Equipments :
The same as those in the experiment-1.
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Procedure :

The experiment circuit is the same as that in the experiment-1.
IF is adjusted for 1 amp pick-up current which is indicated by the
pulse train output of the comparator-2 (bleckl). Readings of I, are
recorded, as tabulated in table 3.3.2-5, for I__ of 1 to 20 amp. The
plck-up current setting of 3 amp is also performed and readings of
Iie are recorded for I.' of 3 to 60 amp, as tabulated in table 3.3.2-6.

Result :

The curves of I" and I.' in terms of multiple of pick-up current
setting are shown in graph sheet 3.3.2-3 and graph sheet 3.3.2-k for
1 amp and 5 amp pick-up current respectively.

From graph sheet 3.3.2~3 and 3.3.2-4,

Kao K2

Kjooks = 4.3/20 = 0.215 ma/multiple of setting (3 amp setting)

The average value is
Kie*ks = 0.218 ma/multiple of setting

Therefore I

de ™ 0.218 (I.‘IIP)

K, = b,4/20 = 0.22 ma/multiple of setting (1 amp setting)

Experiment-3 :

To determine the constant Ki of Eq.(3.1-4).

Equipments :

2 Varible d.c. power supplies, ?. and ?‘
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TOTHE PEM RECORDER | BLOCK 3 ;
Vs
| YL
% -30V
1 HCE
-ir- Rﬁ. T2 Be ci
¢
AMMETER R
3a
Va By Dza{ T3 £ Vb
# & -
Rsb
Vi + 30V
TIME
=10
{
> ’
Vg
TIME
-0.6 *“V
-4 ===
Vo
TIME
i b T ——
=30

Fige3.542<0" EXPERIMENT-3 CIRCUIT AND ASSOCIATED WAVEFORMS



1 Simpson d.c. ammeter
1 Set of the pen recorder

Procedure :

The expetiment circuit is shown in Fig.3.3.2-9. The integration
of cl is started by reducing the voltage source 'h from - 10 volts
to O. The desired value of I, 1is set by V_. The sweep voltage v;
is compared to the reference voltage 'I':_ of 0 volt. Starting integra-
tion causes the output voltage V, of the comparator-1 (block 3) to
change from = 30 velts to =0.1 volts (the maturation voltage of TB).
The sweep veltage V. will sweep linearly until! it equals the reference
voltage V. minus 0.6 volts, then the voltage V, of the comparator-1
returns to - 30 volts again (see comparator-1 circuit and cireuit
operation and also emperiment=1 in Sec.3.3.3). Because of the varia-
tions of the reference voltage of the smener diode 11.1. the aweep
voltage V. starts from - 14.6 volts in stead of - 15 volts, therefore
Eqe(3.3.2=1) is rewritten as :
v = - %6+ eI, ot/Cy (3+3.2-5)

s
L]
When ‘I'; equals ‘I’r = 0,6 volts ¥ equals T, then

L]
vr-a.s = V = —1#.64-..1“.!;01

L
or ‘rr +1# = T. + 1#-6 = n.Iic.!‘fGi (3.3.2‘5}
As compared to Egq.(3.1=k),the effective sweep voltage V, equals
V, + 14.6 and K, equsl a/C,. The effective reference voltage V_ is
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thrdm.m:l.tn?;+ 1. The delay time T corresponding to eacl
I“ is tabulated in table 3.3.2-7.

Result :

The delay timp or time lag T and the current Id.mplutt-d
on the log-log paper as shown in graph sheet 3.3.2-5. The curve
'.I.---tm;htlinaﬂthth-almut-1.ﬂ15nnﬂntlunt1m.m
the abcisea T ordinate is 3.1 seconds. Therefore the equatiom of this
eurve is

TaXy, = 31 secems { approcimate that the alope is 1)

Prom Eq.(3.1-5) and %q.(3.1-7) and also V_ = V_+1h = 14 volte,

Kg = n/t:i =" 14/3.1 = K52 volt/sec-ma

This ear e checked with the calculated value.

a/c, = 0.93/(200010%) farsa™! = volt/secesap

= 0.93°10"/(200° 10™°) volt/seceme
= 4,65 volt/sec-na

It is noted that the experiment value of E, or a/cl is slightly
less than the calculated value because of some variations from the
nﬁnﬂﬂlﬂndlmcinﬂﬂuthmmﬂmﬂlihmﬂ
resistance of the comparator-1. However the conclusioa is that
Vv = ﬁ.j?'l’“‘t (3.3.2-7)

'
V. = V. + 1% (3.3.2-8)
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Table 3,%.,2-1 Calculated data of inequality (%.3.2-3)

Table $.%.2-2 Calculated data of inequality (3,3.2-4)

R}b ke RB& k;
10 0.46
20 0.96
30 1.49
40 2,09
50 2.74
60 3.49

sz k; RBﬂ, ks
10 1.1
20 2,49
30 2.94
40 523
50 3443

. 60 5.58




D

-ITﬂble Sedec=3

Ian amp ¢ I D&/
.0 0
1 0
2 Z+05
2,5 : 0.1
3 024
345 0.35
il 0,49
4-5 0.51
5 0.76
Table 30302""1
l1ge 2TPC ‘Igo DA
0 ' 0,22
1 0.24
1.5 0,32
2 0.39
2.5 0.49
3 0.6
365 0,72
4 0.84
4,5 0.92
5 1.05
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. Table 3¢3e2=5 Iﬁ- 1 amph'pinkdup current .

66

I, amps IﬂufEB_multipla of pick-up current | I, ma.
0 0 0,22
1 1 0.24 -
2 2 . 0.39
4 4 0.84
; 6 E 1.3
8 8 1.7
10 10 2,2
12 12 2.6
1 1 Ol 3
16 16 ' 345
18 18 4,0
20 20 S 44
Table 5e5e2=6 IP- 3 amps pick-up current.. *
I, amps Ianflp multiple of pick-up current | I, mar
0 0 ' 0.22
3 1 0.24
6 2 0.39
12 4 0484
18 6 , 13
24 8 1.7
30 10 2.2
26 12 : 2.5
42 14 5
48 16 3t
54 ‘18 \ 3.9
60 20 he3




Shlille 4 3.2-7

I,, mag T seconds,
0.24 13,15
0.5 6.50
1.0 ° . 3,10
1.5 2.04
2.0 1.51
2-5 '1.22
3.0 0.99
3.5 0.85
4,0 0.74%
4.5 0.65
540 059

67
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3.3.3 The Comparator-1 Circuit (block 3) Hra?naﬁ}i_f
Functien @ Vo
To compare the sweep voltage V. to the reference voltage v,
and also to produce an output pulse whose pulse width T equals the
sweep time of V_ from -14.6 volts te V. 0.6 velts (see Fig.3.3.3-2).

Circuit and circuit operatiom :

The comparator-1 circuit is shown in Fig.3.3.3=1. (Note that
the reference voltage T; is derived from -15 volt constant veltage which
is derived from semer diodes, so that V. is not disturbed by the -
variation of =30 volt power supply). TE and T, form a back-to-back
transistor comparator. Th inereases the input impedance of the compara-
tor. T? and '.I.‘B are amplifiers to produce an appropriate signal to the
next eircuit. Normally T, sud T are off because V. is sere and V.
stays at some negative level according to the desired dial setting
(see experiment-2). !.'.? and Tg are also off because there is no base
current flowing into !7 and TB bases. Then ?ﬁ is at =30 volts.
When the integrator starts operating r; changes immediately from O
to «14.6 volts. Therefore T, end !'5 turn on, this makes T, and Tg
turn on with the result that ?u fella to the saturation wvoltage of
Tge Since ?; does not stay permanently at =14.6 volts but sweeps
in a positive-going manner to 0O volt. When ?; reaches the voltage .|
level of V_ = 0.6 volts the circuit returms té the initial state,i.e.,

?' returns to =30 volts again. The waveforms of T; and F; are shown

in H‘-}-’-,‘!-
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Circuit component :

Tye TPy land Ty t 28302 PNP (see the characteristics in
Sec.3.3.7.1)
T, t 2N697 NPN (see the characteristies in
Sec.34347+1)
1.5 t 5.6 kj 0.5 watts
I‘, t 5.6 kj 0.5 watts
R,s potentiometer : 5 k; 3 watts
15 t 5.6 k3 0.5 watts
lg t 1Tk ; 0.5 watts
ll?. : 12 ki 0.5 watts
"J"b t 2.2 kj 0.5 watts
l,,' t 33 k3 0.5 watts
lo& t 15 k; 0.5 watts
Design :
Let choose 1'5 = 5.6 k £ 5%
'ﬂﬁ = 5.6 k & 5%
Re =1k T 5%

R, =5k (potentiometer)
To determine l’ the equivglent cireuit is drawn for the condition
that !5 is on and Tg is off, as shown in ¥ig.3.3.3-3.
!"5 = 15/5.8 = 15°095/(5.6*1.05) = 2.42 ma
Mth-nqnlrﬁhnmmtlw = 1 ma



i

T, = 0.8/(1°0.95) = 0.842 me
BeYer, = 0,842 + 041 = 0.942 ma
I; = iﬂ - I, = 2,42 - 0,942 = 1.48 ma
:“ - :,.335 - 0.8 = 1.48%5.6°0.95 ~ 0.8

= 786 - 0.8 = 7.06 volts

In order that 1’.\,.‘1| be equal to or greater than 0,1 ma RS is
chosen for the condition that

Ry & 7.06/0.9%2 = 7.5 k

Choose R’ s 5.6 k 5%

?uuhm!?-,ht mm:rthltm:?md!amunlhm
be reparded as the load of ‘1'? collector. In order that !? is
saturated H.?. m!_-t be chosen in such a way that

Rog z iﬂ'}{g\?.xh?) = 30%1.1/(32°0.1) = 10.31 k
where B.‘, = 32 = the common emitter current gain of '1'?

Choose R, = 12 &k 3 5%

R?b and R," are chosen according to the condition that when '1',?
is off TB should be off. B?b and 97 i form a voltage devider to provide
a reverse=bias voltage to cut Tgq off.

Let the minimum cut-off woltage be 1 volt and choose R?c to

be 33.k.
Thereforoe lﬂ'l_iqh/(_s.‘.,b +33) = 1

30°049°R,y Z Rop, + 33°1405
ieee By = 34.6/26 = 133k
Choose Ry = 202k is5g



Let check the saturated condition of !h=
T g =33/Rg= 33/(15°0.95) = 2.32 ma
Lg = Ig/bg = 2.32/12 = 0.19% ma
oy The equivalent circuit when 7, and Tg are on is shown in
Fig.3.3.3=h.
Iy = (27-0.8)/(12°1.05) = 2,08 wma
By the superposition theorem,
Iz = 2.08-0.8/(2.2°0.95)-33/(33*0.95)~0.8/(33*0.95)
= 2408 = 0,38 = 1,05 = 0,025 = 0.63 ma
P Therefore Tg is well smaturated.

Experiment-1
To check the operation of the eireunit.

Equipments @
P 3 Bimpson voltmetrs

1 D.C. power supply

Procedure @
The comparator im Fig.3.3.3-1 is biased with the power supplies
as indicated in the circuit. The base of !# is connected to the
b g d.c. power -upplr:f 1: and ?; are set at O volt. The measured voltage
of Tg collecter,V, is -29.2 volts. Then V_ is set at -14.6 volts and
the voltage V, is observed to be -o.1 volts. Aftef this, V. is



L 4

varied slowly to O volt and the voltage at which ‘I'. just falls to

-29,2 volts again is recorded. The same procedure is repeated with
L]

V, setting of «1 t0 =14 wvolts. The readings are tabulated in table

3eJ3e3=1.

Result :
The graph of V_ against V. is shown in graph sheet 3.3.3-1.
It is seen that ‘I" makes transition from =0.1 velts to -29.2 volts

when f; equals 1; - 0.6 volts.

Experiment-2 @
To calibrate the time dial setting.

Equipments @
The same as those in the experiment-3 imn Sec.3.3.2.

Procedure @

The experiment eircuit is the same as in the experiment in
Sec.3.5.2. From Eq.(3.3.2-8), it is seen that the maximum effective
reference voltage V_ is 14 volts. If the effective reference is
devided into 10 steps each step will be 1.4 volts. The number eof
dial setting and the corresponding reference voltage are tabulated
in table 3.3.3-2. In order to check if the delay time is proportiomal
to the number of the dial setting, the current Id- is kept constant
at 0.22 ma and the time lag or delay time T is measured for each dial



Tab1E 343431

- '\T'; volts¢ -

- VI', volts,

0.56

1.58
2.6
3.6
4.6
5.6
6.6
7.6
8.6
0.6
10.6
11.6
12,6
13.6
14,6

I s 73l S
-P‘WN—\D\DD?‘QG\W_PWN-\Q

80



. Table F.35.3=2

F : B .
| Fo.ofiDial setting) | V, voltsy [ =V volts
£ —_—r
| 10 14,0 0
9 1 12.6 1.4
8 1M.2.. 2.8
7 £9%8 4,2
6 8.4. 5.6
5 740 7.0
4 5.6 8.4
- 4,2 9.8
2 2.8 11,2
1 A4 12,6
TDeble” Pe3e3=3
T sect No. of Dial setting¢ [
13.78 | 312400
12,40 9
10.%4 8
£9.62 /
B.25 6
70 5
4,25 3
2.72 2
144 4

a1
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setting (by adjusting the potentiometer R,), as tabulated in
tabled.3.3=3.

Result 3

The graph of the delay time T against the number of the dial
setting is a straight line passing through the erigin, as shown in
Graph sheet 3.3.3-2.

3+3«% The Comparator-2 Cireuit (block &)

Function :

hmmm-plltmﬁmm“mmtmv“
with the referemce voltage and also to gemerate a pulse train
output voltage when the former 1= larger than the latter.

Cicuit and eircuit eperstiem :

The comparator-2 circuit is shown im Fig.3.3.04=1, '!“-I!'.‘,
form a back-to-back transistor comparater. !umthm
resistance of the eircumit. !hlli.llllil.t.ll.l““m!”h-
excessively-reversed bias at the emitter-base jumction when emitter
ﬂtmm-mmupr". The reference voltage is determined
ummn,.n,-nn‘. R,q decreases the collector leakage
current of T,; when out off. T, 15 an emitter follower amplifier

’ General Electric Company. Transistor Mamusl. Semiconductor
Products ‘Bepartment Advertising sad Sales Promotion, Syracuse,New York.
Chapter 3 Page 81.
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?c and ?01 for I, , of 1 amp.

Fige3.34¥4=3 vaveforms of Vg and V4 for I,  of 5 amp.
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so that the loading effect of the next circuit is minimised.
Normally when V_  is less than the critical veoltage, which is
determined by the reference voltage, the nltmdﬂpmh“'
the base-emitter mtmd!..,. l.'“nl!.". !1’114!1‘-"-!!
M!is:ll-. lmilnd!‘.,mw.ﬂmtwgn
to saturate T, o, them V , is about 15 volts. When V__ is just equal
to the critical veltage, !.uul!“ begin to conduet with the result
tht!”
through R .. This makes T . come out of saturation smd its ecollector
voltage decreses, ﬂi“htmhm-thhuﬂlhpﬂ!u.
m-ﬂnlhhmmhMllthl!!15 collector
currgnt. The action of the cireuit is regenerative, and if the loop
gain is greater than one a gquick transition of the eircuit takes place,
iu..!,‘snl!“ turn off and the voltage TﬂhMM(m
l,,!,‘ull.“nllnﬁmﬂill'). If V_, is now decreased
below the ceritical voltage the ecircuit will not return to the initial
state since the reference voltage is decreased by the cut-off state
of T,.. Transition to the initial state ocours when V__ is decreased

sollector current decreases and therefore less current flows

te another critical woltage which is less than the first one. 7
Fig.3.3.4-2 and Fig.3.3.4-3 show the waveforms of V__ and V_, for

I, of 1 and 5 amp respectively (Fig.3.3.4-2 V_ scale = 0.2 velts/em,
V,q scale = 20 volts/em, time base 5 ms/em. Fig.3.3.4=3 'l“ scale =
2 volta/em, V_, scale = 20 volts/em, time base 5 ma/em). The upper

el
muvﬂmmtutmthmmm--rt_umm



the eritichl voltage ard the lower level indicates on' contrary.

Circuit comwponcnts @
Tygr Toye Tyg ond T,
%%
Pia
Ratt

Desdgn :

* 28697 NPN tremsistor
1t OC71 PNP tramsistor
1 18121 diode

t 15 k; 0.5 mtts

t 12 ky 0.5 watts
039 kj 0.5 matts
39 k3 0.5 watts
6.8 kj 0.5 watts

1 kj 0.5 watts

3% ki 0.5 watte

2 10 k3 0.5 watts

5% k1 0.5 watts

Frou table 3«3.7-1, ‘l'“-ln-!i volts corresponds to I..d’
1 emp. Let the éritisal voltage of the comparator be 0.4 wolts in
order to allow some variation of the actual véltage which spould
e leae tham C.5 volte. Ihu‘l’.,llﬂ-’nl“!‘,-l!“hﬂlh
conduot and their cut-in voltages are both 0.5 wolts (Sypical value).
Bence V 4o = Culi = 0.5 =0.5 = = 0.6 volte
where 'lﬁ. '!1, emitter voltage

lﬂ“l.“- Sk

mrﬂu-—wﬁ.mmq’m“ﬁn



54

is approximated as
Ioas ™ (15°0.95 = 0.6)/(15%1.05) = 0.86 ma
'l-r-!“s-m. !15 collector current
(+ 15 amd - 15 volts have a tolerance of & 5%)
nmmt!”mmumunuu.mm
R qg to be 12 k 2 5%, To reduce T, cellector leskagpicurrent when
!“hiﬂ'.ﬂunll“tnh‘lktﬂl.
mﬂudl“-huﬂlb--mwumﬁh!“m
saturation eurrent when '1'15 collector current is minimum, The
HﬂMﬂHﬂllhnT.wlum-E!“lllllmIﬂth
Pige3e3eb=h,
I-ﬂ'l.l‘ul-—tmﬂnmttb“- 0.1 ma
11-'&.#(1'#-951 = 0,516 ma
I, = D316 + 0.1 = 0,416 ma
I,-u.“-u.hi = O.444 ma
Vpo = 0.WMN01290595 = 0.3 = 5406 = 0.3 = K76 velts
ﬂlthmmtzmmhwwhnﬁ“
H.thniwhm-um

t‘iﬂ'- 4, 76/0.%16 = 11.h k

Let R = 6.8 k £ 9% (also to ensure that the loop gain is greater

10
than 1)

M!.I}-l’l,“_lilﬂ m-nm-r“u-u_anhum
active region, therefore T‘IS base-emitter voltage is about 0.6 volts.
The voltage drop meross D, .. for small current through it, is 0.3
volts (by measurement). Thus the required reference voltage is



L = 0.3 4+ 0,6 ~0.,6 = 0.3 volts

ref

where V__, = the reference voltage across Rg

The equivalent circuit to determine the values of Rg, R, R,
and R .o is shown in Fig.3.3.4=5. (T,¢ collector to emitter saturatiom
voltage is negligiblej the typical value is 0.1 volts). V.

ittnﬂu-llrl,,l.ull'- mmud!‘ﬂhwhm
too small sinee they bypass the regenerative current from the base
ll!'15. If
affects the reference voltage 'l". l’nll“‘ combine in parallel
to be the collector Road of T, (lilu‘l'"rh—-nuoupuﬂtu
15 volts).
Let choose Ry = 39 k £ 5%
B = 33k & 5
lﬂ‘-ﬁkiy
!anlnhruthulndlathnmm-u-!thtum

is

serves as the regenerstive path of the eircuit and alseo

are used (see m-,-,.‘-’}-
1.15 = t1,-ﬂ-‘}f15 = 0-9‘ ma

n,//n’ = 39*33/(39+33)= 17.9 k

I, = (15-0.3)/17.9 = 0.02h = 0.82 - 0.024 = 0.796 ma
Therefore Rg = 0.3/0.976 = 0.377 k

Choose Rg = 0.39 k T 5%

and choose It.ﬂ, = 3 kisSE



Experiment-1 :

To check the operation of the circuit.

Equipments 1
2 Simpson voltmeters
1 Variable d.c. power supply

Procedure :

The experiment circuit is the same as in Fig.3.3.4-1. After

the cirecuit has been bissed as specified in Fig.3.3.4=1,the base

voltage of !“ is varied from 0, positively, until 'n‘l changes the
voliage level from the initisl level. Then the base veltage of !1'

is decreased until ‘l'“ raturns to the initial level.

voltages sre measured and recordsd.

Result :
The first eritical voltage = 0.43
V.4 changes from 13.6 volts to C.A5
The second eritical voltage = C.36
V., changes from 0.45 volts to 13.6

volts
volts
volte

volts

The assoclated

The action of the circuit ik regenerative since ';1 quickly

changes from ome level to the other, The hysteresis of the eircuit

is 0.07 wvoltsn.



Experiment-2 :
To calibrate the variable resistor l, of the input eireuit

for the pick-up current of 1 to 3 amp.

Equipments @
4 Current source, Relay Tester

1 Gsll1oscope

Procedure !

The output voltage V__ from the imput cireuit (bloek 1), is
put into thhm-t!“- The osecillescope is used to observe the
voltage waveform of V .. '!‘antmhutfn!not1uj,
Ml,unmm‘tuum-m--tutumm
mt.a-rt_...uuu.,s.s.h-z..mm-tu oscilloscopes The
mtzu-rmm¢:'um:u1-rﬂ-b-nmt.

The same procedure is repeated for the pick-up curremt of 1.5, 2,
2.5 and 3 amp respectively.

Regult @
The pick-up current can be varied continuwously from 1 to 3 amp.
The scele is not linear but is inversely propertional to the pick-up

current.



3e3.5 The Comparator-3 and Awplifier-2 Cirouit (Blook 6 and 7)

Funetion?

To compare the d.c. voltage ‘Ii. to the reference wvoltage and
alse to produce am instantaneous trip signal when the former is larger
than the latter.

Circuit and Cireuit operatiom 3

The eircuit is shown in FPig. 3.3.5-1. The comparater is almest
the same as comparater-2. The difference is that there is no regenerative
feed back and that the critical veltage of the comparater can be -
adjusted by the potentiometer l*’. NHermally when ‘I’L is less than the
mm-nnp!a-drz’m-unmmnmt!“um
and 7., is en. (!a‘ﬂ!ﬂmmm).MMInmm
voltage V , is about O velt. Whem V] is greater than the critiecal
Mhp!a-llamdfdﬁiﬁmum#!uu-—l!nh
m.hr“u.m-nmu.

Sircuit Components ¢
!ﬂ' '33 and 'ﬂ s 2N697 NPN Transistor
!H' !'z‘ and '27 t 25302 PNP Transister
P42 t 18121 Diede
lﬂ, ] 15 k30.5 mattas
ldl t 12 k30,5 watts
Ryn t 0,56 k30.5 watts
R,y potentiometer ' 5 ki3 watts
'l.“ t 2.7 kj0.5 watts

l,’ t 6.8 kj0.5 watts



[
Reza Rear
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Pige3.345=1 COMPARATOR-3 CIRCUITAND AMPLIFIER-2 CIRCUIT ( BLOCK & AND BLOCK 7 )

S6



96

i{:i:u} Ibz‘
>
Fige3.3.52 EQUIVALENTCIRCUIT WHEN T,5ISOFFAND Tz¢ IS ON,
sta.
WAV
” 5 = Fasbe @ fCLn
| 30 4
I
i~
Fige3434563 EQUIVALENT CIRCUIT WHEN T,5ISONAND T, ¢ IS OFF
o
Ria
10 VOLTS
Riz - |5V
%1 voLT
Ry2
E ;
v =

Fige3+3e5=4 CIRCUITTO DETERMINE Rz AND'R, .



11k;0.5 watts
: 18 k;0.5 watts

P 82 k;0.5 watts

] 12 k30,5 watts
t 100 k;0.,5 watts

15 k3;0.5 watts

®16

Rosa

Bos»

l.z‘ [ ] 15 k30.5 watts
Ro7a

Bon

Re27

Design:

%e23,%024,%15 and B, are selected to be 15,12,6.8 and 1 k
respectively (similar to the comparator-2 circuit).
lmud!mmahuuhmhnmmt -hn!zs:l.-'ﬂ!as

should be saturated and alse that when !25

be off, The equivalent cireuit when !25 is off and !26 is saturated

is saturated '36 should

is shown in Fig.3.3.5-2. The min, !a‘ base saturation current is
Tag = (30 V06 Rog T

where 1" 26 = base to emitter saturation of !26 = «0,8 volts
:

ho = @ax,. !..,_,5 collector leakage current

- 0:1 ma
( Remark: Please see tramskstor characteristics im Sec. 3.3.7.1)
The required base saturation current of !a‘
= 33/(15%0.95*12)
= 0,193 ma
where 5:26 = min. 126 load
= 1.5%0.95 k
(The value of R_,¢ is obtained from the end of this design section.)



‘o

!aﬁ = min. '1'25 common emitter currant gain
= 12
It is required that "y base saturation current is equal
to or greater tham 0.193 ma.
Hence (27 - u.&)ﬁm - 0.1

v

0.193
or Rosh 89.5 k (3.3.5-1)
The equivalent eircuit when !ﬂ is saturated and !26 is off is

B

in Fig.3.3.5=3 (collector to emitter saturation voltage of :25 may
be considered to include in 15 volts which is 15%0,9 volts for this
equivalent circuit). >, |

T, base to emitter .cut-off voltage is
Yooas = (13"Rygy= 30%Ryg, = T 00 Rogy Rogy, )/ (Rog, + Rogy)
where 'I“_ = max, T, collector leakage current = 0.1 ma

15 = 15%.9 = 13,5 velts

If it is required that the min. base emitter cut-off voltage
is equal to or greater than 1 velts, then

“5‘5"25&" 33*R g~ ﬂ.'l"lz’.'lm)ﬂkm + 1251:} 1
or Rsa H 12.5}(3#/!25" + 0.1) (3.3.5-2)

Since !z_', base saturation current is 0.1 ma (the same in the

>
=

comparator-2 ecircuit). Boga * Bagy must satisfy the condition below.
> E a2 - . v
Bogy * Rogy = (15+30) /(0.1 525) = 49.5/(0.1%12) = 41.2 - X
(3.3.5-3)

The three inequalities are plotted in graph sheet 3.3.5-1 (the
calculated data of Ineq.(3.3.5-2) is tabulated in tabe 3.3.5=1).



Select lu.-‘lak*!‘

la-uk.t”

To select the values of R, R,, and R, , lot consider that when

'
Vgels 0 T,, should be on but the output resistance of block is mot
large enough to obtain this conditiem, for a small forward bias veltage
of T,,. lot this forward bias voltage be 1 volt to make T, cut-off.
The other condition is that if the forward bias voltage of T,, which
can be varied by the potentiometer '131 is maximm Tai' should not
saturate. lLet this max, voltage iz 10 volts (1 and 10 volts are
determined by the exporiment). The equivalant circuit to determine R, .,
and R, is shown in Pig,3.3.5-4 (base current of T,; is megligible).

5/Rq, = VR, = !ﬂ.‘,
Since R_, ic selected to be 5 k

ll,l.3

13
therefore l“-zﬁﬁ - 2.78 k

Iﬂ-m- = 0,556 k
Choose l“- 2.7 k t 5%
Roy = 0.56 k¥ X 5%

Choose nm- 15 k * 5% (see the output amplifier sectiom)

Since R 027 is larger than Rﬂg,th- collector load of ‘!9

8.2 k. la?lﬂin?n and R ,c are chosen the same value as R ., R, and

and it is sure that the saturated and cut-off conditiocns of 'rz?

ywhich is

Re27

are obtained,

Therefore R = 12k 2 5%

27a
n
R.26

= 100 k & 5%
= 15k I 5%



*

Experiment 1

To chlebrate the potentiometer R, and Ry (block 1,the input circuit)
for the instantaneous or definite minimum time-lag pick-up current (I‘P?
of 5 to 25 multiple of the pick-up curreant (1,3-

Equipments @
1 Current source, Relay Tester
1 Simpson voltmeter

Procedure @
The middle terminal eof the potentiometer !2 of the input eircuit
hmtdhthlhn-l!a. l’ﬂthh;lt-iﬂlithkﬂtlt
1-;?1&-'“!. mmtm-rn“uutrumun.rﬂ
forward bias voltage. Now the potentiometer R, is set for sero output
mﬂ..!nmmeﬂﬁWIﬂMIhMﬂ
volt. Mthmimhulfuluﬂ5qmmwm-
tiometer R, is adjusted to increase the output voltage Vg until I
swings to - 30 volts and the position nznzujutmmum
and kept at this position. The adjusting knob of R . is marked for
mmmm;m—-pmtluusw. M:“uw
ta‘lﬂup.'mhltm-}nwlﬁ.thuhuiut'l13undj-tlltlth
position at which V

e27
I"ﬂmm. The same procedure is repeated ﬂlrI”l!‘lﬁ.!ﬂlll

falls to O velt and this position is marked for

25 amp.



Pable ByB4S41 Oaloulatod data of Ineq.(3.3.5-2)

EEEI: k l 3253;1 k b
10 3.58 ‘
2077, 6.95
%0 08
40 13,2
- 16.7
60 18,7
70 2142
80 23,6
90 2641

. 100 2844

107




Lt

e T

i

—p et
- =,

T WEH
NRgE ! bt : i v tr i LT et ; . R Bt | i ] 1.
4 £ UL Rld TERRCE S b S L LT 5, Pl - Bh ) AT R P T L LI i (T WS- SR 7 - L R S AT EEL T K B - TS S =N PR i
=l v e e . " MR | e
- oy L r M o g
“a . . i ’ _
— ¢ A ’ f ’ #
[ A : "
. > L i
; 4 ' _
L " ' , i -



Pt LS S

Result 1@ !_J_.‘._ )
B "W Mg :_"p‘(_x’
'm . = 19'-1 volta when !z? l. .“r‘ G _.-' -
'ﬂ? = = 0,1 wolts when !27 is saturated.

mmu:hﬂu-qmt-umulm. Irzphnt
ltan-p—lI“hut-tSqI“-thz‘S-qhm‘lmm
from = 0,1 wolta to - 29,1 volts, therefore .13 potentiometer is

calebrated for Ii-l in termsa of multiple of the pick-curreat I,-

3.3.6 The Ampliffereq Cirouit (block 5)

Function @
T.m+‘mﬂmtm7.1m1hmm

cirouit (block 4) in order to obtain the amplified veltages, V_ and

r“. which are used to initiate the ande-gate and to start integration

respectively.

Circuit and circuit operation :
The amplifier cireuit is shown in Fig.3.3.6-~1. Normally when

an overcurrent does not ocuur V_, is 135.6 volts and comsequently makes

‘!“ saturated, therefore 1'1 is cut off by the negative voltage which

92

is provided by the megative bias amithe voltage devider formed by 119.

and R, m.nmuum-mmu!“mmupm

“‘
Ili-ltllul'm
utmu-mupnr!m)mumpmu-nmwm

and-gate. The saturation of T,, causes the positive voltage, determined

hflmillllz,“tiﬂifz‘ﬂfﬂlhthﬂﬂltth‘l'“ilm-'lﬂ

on, then V_ is about 0.1 volts (collector to emitter
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volts (instead of =30 volts because of the input resistance of block .
the integrater). Therefore integratiom is stopped (since !3 is on,
please refer to Sec.3.3.2)

Vhen an overcurrent occurs ‘l“ falls to 0.45 volts and consequently
cuts T,g off, then T,, turms on, T,, turns off and T,, turms en,
suceesively. lNow V_ is about =10 volts and allows the trip signal
through the and-gate if a trip signal is recéived from ome of the or-
gate or both, 'f“ is now at the saturation voltage of !“. vhich is
about ~0,1 volts, and therefore tho integration is started. Since
Vo4 15 a pulse train voltage when am overcurrent takesplace (please
refor to Fig.3.3.4=2 and Fig,3,%.4-3), V, is a pulse train voltage and
‘l“ is aleo a pulse train voltage in the absence of 021-
is closed an opened periodically. In the presence of cﬂ. l’“ ean not
change instantaneously correspoading to ‘I’“ but is controlled by the
charge and discharge of €54+ Since the discharge rate is greater than

the charge rate, V_. is about ~Ou1 volts when an overcurfient occurse

Se the and-gate

Cireuit componemts :

'1'13 t 2N697 NPN transistor
'1'21 $ 25302 PNP transistor
'1& : 10 k30.5 watts

' Millsan, Jaced and Taub,Herbert. 1965. Pulse, Digital and Switching

m- Hew York: MHI-Hm BG* Co. I.'- M lm-
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2486
e18
19a
1%

e19

¥y

c20

21a

N O W

21b

c21

Q

21

Design :

t 68 k; 0.5 watts
t 1.8 k3 2 watts

t 1.5 kj 0.5 watts
t 18 k; 0.5 watts
t 10 kj 0.5 watts
t 8.2 kj 0.5 watts
t 82 k; 0.5 watts
t 4.7 kj 0.5 watts
1 5.6 kj 0.5 watts
t 56 k3 0,5 watts

t 3.9 ki 0.5 wattss

50 mf; 15 volts

108

To choese the valune of Etzi' the same procedure as in the output

amplifier (Sec.3.3.7.2) is performed. The two inequalities to determins
13‘ and Eﬁ are refermred to in the design paragraph in Sec.3.3.2

(Ineqe(3.3.2=3) and Tneq.(3.3.2-4) ).
R4 = 1?f{1Q/13. + 0.1)

The third inequality is
(3.3.6=1)
The ealculated data of Ineq.(3.3.6-=1) is tabulated in table 3.3.7.1=

3 (1‘21 and R, are equivalent to R ,, and R, respectively). This

inequality is plotted in graph sheet 3.3.2-2.
3.9 k & 5%

Choose R

c21
The value of C

21

is selected so that the time constant 1.621 is
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greater than the peried of the pulse train Vo1 (R is parallel combination
R = 3.9//(2.7 + 39) = 3.5 k
From Fig.3.3.4-2, the period of the pulse train voltage Veq 1o

10 msa,

Therefore 621 must have the value so that
ﬂz‘ »> W}q” = 2,81 mf

Choose uz,' = 50 mf

Fige>e3.6=2 shows the waveforms of Vv, and Veg Without C,. in the

21
eirenit, Fige3.3.6=3 and Fig.’.5.0=4 show the same waveforms but wit!
021 of 2 and 50 mf, respectively, in the circuit.

‘21. and nz“ are the same as Iﬂ‘ and lt.l“ since !21 eollector
Therefore

Ia". = 5.6 k2 ﬁ

B = 6 k23

mlm:ﬂutlndlmdu!mfmmtntlﬂmmmm
load of Tm is the parallel combination of l?_h and l‘l

L ]
R = 5.6//12 = 3,82 k

2%a
| |
where lz“ = the parallel combination of '21- and R

Oa’®

10a
Rioa = 12 k (from Sece3.3.7.2)
Then the inequality to determine lm is
L ]
Rop = 12/C10/R,,  + 0a1) (3e3.6«2)
The caleulated ‘data is the same as Ineq.(3.3.6-1), and from graph

sheet 3.3,.6=1



Im = 8,7 k2 5%

inequalitiee are used (these three inequalities are referred to in

500.3+347.1)s
Rage = V(26/Ryq = 0.1) (3e3.6w3)
Rage & 9e2/(33.8/R,s + 0.62) (303.6=4)
Rg10 = 17/€10/R, + 0a1) (343.6-5)

The calculated data of Ineqe(3.3.6-3) and Ineq.(3.3.6=4) are
tabulated in table 3.3.6=1 and table 3.3.,6-2, The caleulated data of
Ineqe(3.3.6~5) is referred to in table 3.3.7.2-3. These three inequalé
ties are plotted in graph sheoet 3.3.6-2.

Rooe = Be2 k2 5%

- 82 k25%
c19 ° Wikl
The three imequalities to determine R.o , R.., and R .o ave

Roon

Ri0a 2z 1.15/(:5/:19. - 0,1) (3.3.6=6)
I1* = 9.2/{33.8}!m + 3.2) (3e3.6=7)
R..8 < w/{mw_ + 0.1) (3.3.6=8)

The calculated data of Ineq.(3.3.6=6) and Ineq.(3.3.6=8) are
referred to in table 3.3.2-1 and table 3.3.7.2=3. The calculated data

of Ineq.(3.3.6=7) is in table 3.3.6=7. The values of the three resistances

are determined from graph sheet 345.6m3.
R = 18 kz 5%

1%
= 1.8 | T

Iﬂﬂ
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To determine 115‘ and l1a.h' Innq-(}-}-?.'l-‘l) and Intq-(}-}.?-‘l—!)

are used., It is known that ?q is 13.6 volts or 0.45 volts (from

1
experiment=1 in Sec.3.3.4).
Let ".“' = 1 wolt (instead of 0.45 velts to ensure the performance

of the circuit at high temperature)

Ve ™ 13.6 volts

Vye = 1 volt

!ﬂm = 0.1 ma

By ® R4a

B = Ry

Vo = 27 velts

Vyp = 33 volts

V,, = 0.8 volts

. 33/(1.8%0.,9%32) = 0.63 ma (from Eq.(3.3.7.9-3))
These numerical walues are substituted and the results are
Rig, = 2/(26/R.q = 0u1) (3.3.6+9)
Riga = 12.8/(33.8/R.5 + 0463) (3.3.6=10)

The caleulated data of these two inequalities are in table 3.3.6<h
and table 3.3.6-5 respectively, and from graph sheet 3.3.6-4

Experiment @

To check the operation of the circuit.
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EBquipments :
1 Current source
1 Oscilloscope
2 Simpson veoltmeters

1 Variable d.c. power supply

Procedure 1@

The amplifier cireuit is bLissed as indicated in Fig.3.3.6«1., The

collector of Tao and 1'21 are connected td the input of the and-gate

and the input,of the integrator, te atart or stop integration, respectively.
(Please refer to Fig.3.3:7.2-1 and FPig.3.3.2-1), Voq is set equal to

13.6 volts and v, end ‘I.t are measured. This procedure is repeated for

V., ©f 1 volt. Then the cutput of the comparator-2 (block 4) is fed

into the imput of T‘IS' The ecurreet dource, which provides the current to
the input cireuit (bloek 1), is set for 1 amp {:g_g and the pick-up

current (Ip)h-luul-t‘lﬂp‘ The waveforms of V_ and V_, are

obaserved by the oscilloscope and 1"3 collector voltage is measured.

For V = 13,6 wvolts

v = 0,06 volte
= «=12.8 volts
= 1 velt:
v = «13.5 volte
v & «04,05 wvoltas



Pable 3.%.6-1 Calculated data of Ineq.(3.3.6-3)

3201,' k | % R2Da k).
! 10 0.4
25 1.06
50 2,38
75 4,0
100 6.25
125 9.1
150 14,3
3.%.6=2 Caleculated dats of Ined.(
Raob * |+ Ropq K
10 243
25 I .66
50 701
75 8.6
100 9.6
125 1043
150 10,9

113
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Table 3.3.6=3 Calculated data of Ineq.(3.3.6=7)

'

nngfk Rqga k]
10 1.4
20 1,88
30 2,12
40 2,28
50

237

Table 3.3.6=4 Calculated data of Tneqg.(3.3,6=9)

LY

Rigb % || Rqga *
10 0.3
20 1,66
30 2.6
40 3,64
50 4,76
60 6405
70 7k
80 8.7
90 1045

100 1245

|
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Table 3,3.6=5 Calculated data of Ineqg.(3.3.6=10)

Rigp *' Riga &
} » :

10 319 |
20 | 5.5
30 7.28
40 8.63
50 9,76
60 10.7
70 . 11.5
80 12,2
920 1247/

100 1342 A

LR < A -




\ ( fTVE xascu o aoanene® 3 mseim s A 7 ()
: KEUFFEL & KSSER €O,

#
-
.
-
"u.:lt
T
1t
k5 E.A
!i
=13
I
. Ir .
T - raim £ - J:r. = it i m nq B Bl D i
FEE i h L ; i Tid ¥ - T £ i o
1L 4 — * - o
f pEES R rHig b
T y =
' 11 T i L T t rrpe T
Ease e daa ' : ad &a : s Tt T T |1
fanaz 1 = = - $a 4 F EHS I i = I o -
man s
T Tt T i Sy T T
T a e 3= I T i3a22Ed By,
TErert T T T s e
- 1 s +
=
v isinsiaan e
. - e H i
- e
T + i Tt st
T H FTTT s 58
s I I
o 1T + +
3 I rs
I . I T
- 5 I
hne]
T
-
T
I
s
T
v L
T
o -
Frmafadie Ten bi cefirr
E . " b 123
ot L L il o + 1l hd
E TEErrT TEErET T T I
e 1 - - - +
3 . "
T o T
r s T L
s
T : F X
1 >
+ s efees - o e
H na + i < " I
o i i ' 1 5 b - 1 ' | - i il
: 1 T 5 s . T 5 I ‘;
i T T r E
1 T 124 ia iaiassamnai: ema: 12311, t 3 t : T+ 1 I13dge] IeET1 I BT
T I i v s i1 rs rua
T FH : v S T e ettt g . ifrreagest!
1 + T T
s s T - T s
"= =i i 8 - s + i v - i & - e i 4 il i ' Lp ¥y L ®
T I It 1 s . n s s I I 1 T s T 1
T t e . LT - ¥ fun + - e bge t
s . ' T s ¢ T T : an o
- T +t T T . + T Tt T wwan na
T T L 5 : 3L . ”_r - : ; ru Il i ] < L F - - F 3 o L
. 4 I ' . I 88 - T T 1w s I i s - -]
- 8 bk T t T = o T ™ o b
. 1 ' . -
' T T : T
t T TTITIeT i T = 4 T T ++ a8 R
T+ .- aas T s I T T i T
=+ i 1 I 1 T T T I T i T I T I H
T $ T ¥ . -
T I : i T T T = T 5
I T mmmm 88 B T . i P T T T T s I
an 1§ il + 8 i o b i 3 )4 ' & ' 3 . 1
4+ - . s L 4 : 3 ' . .
I LT
. T T T v araga
T =y 1 T il v e o 1
3 o " i 1T 8 B T
- I T I I s bt 1 W ' ETEL
$ it . = I T T $ s
' e I T T veny i T I T 3 11
3 3 L 4 4 I. < 8 e I i + & o L e i
.- T n I i =g s T ' i ' s T I I s
T '’ I 4 4 s I g i e 5 s T B
. e e * . -
. + 4 " I I o jil 5 L i
L L & 3+ - 4 ' 4 4t i + b + + i -
: T Tt 1 1 I It - 8- I g 1 = s 3
r r 8 L I . mm s
' It T T 1 T T t T 1 =
s T . - : s T T s 4 Tt T T
h -4 ' 5 1 i g — " + & % ’e < ke + L TTT 3 = i 1
- e A Baad i ' e i bl i o - Al e -+ . 3 ISR L i i i g i L
T 1 3 .- 5
: T = v - I
$ % $ + t o o : i Tt : Hit Ii mn v :
. T . 3 TTH T 1 v s 1 - iTr T T 1 '3 1 =
. I T s 1t I I 1 I it ' T ¥ ¥ = mmma
3 H i =5 1 it s =T
H K Saliefir e gy I - 3 T I ' T E
ol . = s s e I T I FEELET xmm 5 T Tt I ¥ > t T
- -t — |r St e 4 s -k - bk I!Ir F r;E - |=r :: H — } hH T
o 8 ¥ E s T it 1T 1 = ITEr t
5 )4 . . rril'" - L
3 wm B - H + reprers -
I I T i I I r It T T 1 T T s i ITE o I =
I 8 . ut m I s . : i I : I ST  ddd g TIILrT I o s
T T : T - = s I 3 veu - - i 1 m T z
1 : T ' n L i ' | - - ——— & T e &
T I s TRt I - s mn s I T I I
' & o - i 1 4k — i - - 1 SR B : i i = - + —
- - | B LET + ' . 1 III ik 4 + e " + o i e - N 3 . e ' ¥ LELTT 1 3 " e
> i i 1 i i . re i 4 IR RS - v * H a
r T T I = [ & e
. - T s
"y i i L - H 1 "' i el i i v 1 IS ETITT
T T T T TIIrT i e N R T i s ¥ e T ' s 58
T T T 1 T I ammmmn s . T 5 T I ‘n iaanns T s e g mm T
o - i s i - - L I I L r +
T : . T s T ISR A T ? rmyn et = + = - - e
3 i i . = i - o 8 i i L 1 o - -
3 3 . . i < 5 - —— L L a L bk il o < i 4 1 ' ' " I
T T ot I T . s T I T T N s SRR o an TEETTT T T T 3 . T
1 158 ammma s FEEEE annnmamm 1 I 1T ittt . : i i BB S wer fat . i s e - +

9l L



is x 29 cMm, DILI.A:NIIHI"’ BANT N W. B &,
KEUFFIL & E38EN CO.

(‘ Fe ﬂ,{,z 10 X 10 TO THE CENTIMETERy 46 1517 - e - (e

e
=
-
T T T
it ra ol b
it
ST G h Sh B :
rap cet 3.3,
1 e e
T
5 =
; =5
¥ T
1 ee
4 Hu.
1 r
I =
- a """:_
T o
i s fatir]
1 )
T ' yagad
T
——
et e =
- 17+
oo i
s - =
EErT
¥
T T
ry e
vu
+ s aea - .
o
4 Fr e
H i TIH
" +
X -4
tH
i
T i
' 8 1 T
e T
T
I
T
¥ ¥
T
E :
T
| =
e T
-
E
B :
t
T
T
X
1
v
ah e
$ :
e
D
o
e
'
‘s
e
v
T T
1
T
I o liais -
T
s T
1
o
i T
ot e
E et
1
r
'
¥
1 I
t . .
i EEfErEt : tH : H -
- I I u X I 4 1 -
- - I " v - i ] i T + =+ 1t $ - it et e e - bbbt - umas o




L8

LE =
LB

‘E R 1T THE CERTIMETNER Y
18X 28 CM. » ALBANEHED N e

KEUFFEL & ESSER CO.

T T T T bsaa B R RN daEEgas T
i 1 et HHH H i i HEEEE R
1 s frisRiainifiey ] [Esad s S st T EeR
i : i m.u. BEH {{iH G
H : S ERRRR e ERS Hitee R e HE
.m n._* e - ..—.”.. SRR |
] EEE : T B H
1 i : w i H i i =
3T B i b 1 TR T T
i s : S sl i R
i P rea e e H i HE B HiH i
& ) ! - Hl 44
¥ T 1H T - s I
I i
Lid it TEEfIaiaiEiciea £ Fisiisiiiie
R e i i HH
Taiaaee] 1 T e e 3 CIETRTTARIIAGE] RN SRS ERAET R ATRAS AL AT HHH
S m I
Seiibiaa B F L e 153 i Hi e s R R s
T”."rr.:-..h- _Ir ' ' -
H T EE 3 i
o H =i 8 fada b r .h
i3 aEEED THIH 2 g it i i
L R H 2 2 i FEH
] * TR iR * i
s i R i 1 “ ST
i B ik HEHH
Fre nﬂ. -r.._rn h—. '] - - + u... H -mm m....._
i i it s
| B HH HHH i T H
gELSHHE . s 4 Ll
i 1] el i HHEH srediainiaias
HiH $ u.w thasiated it it ]
13 S b - = 1 HHE
mm S Ern b R 3
530 3] B 3 EH .*
13k 3] i bycpippeneay LE ] 3t
thit i i i H
A A i i il
SITH R : :
i bitd o
Hi HH HH H
e piis i iffeodadiiil
i o S HE S IS R G
a | ! b 4 1] "
e : S R
i i H s R
.J.m 13 wi ¥ 1 HH ¥ HRE
tH 1 BHH 3 4 H H :
EETTEREE FREERestl) Bt e § w HiHH H HE HH T HH HH H
] HIHEL i
TEEESEE H H H THTHE i Hi - I e 1
T R R HH e st et Einda st Head ot ,1 A i it :
IR } bt w T i [ i HEHH
i3 4.. i : FEEE - HHH F EEEFHEH TR
: H i m . . i A s
3 i i i FEEH St HHEHH EH H
f - i aiin: e ik L TG g i
E i R M i
™ i HE : H "5 : i .
1. - & " H e F = - " - L4 H -r
i L] FEEREEE ..:n“ 1 [ELE il i : i e iE
i “ H AHEEH H EEEERESRsd b b HH _ i HERE b R R
i [+ £ i HEEH R R Bl i H
& | : i R e
= B2 |ndiphd 1 EH H Jjii T
3 1 i H B HE R HH
.ﬂ._ﬁm H R R ! i :
§ L i i
i EHEHHH R Briiiiin H H e R s oo HHE R
H " T.HM 1 H g Eets ettt i1 : HH
8 o "8 EREE 1 " i EERE e I
i HM . Hpnrsilieg > it H H $1si
i R w T i H HHHH TEEpaHEaLss
bt SRR if m..“.“; : 3]
HHH TR et gk :




K 29 CM. » ALBAME
EEUFFEIL & ESSER CO.

' WARE W W, 8.

b L A

A -
-
.
-
. H - 2 Ear] EETEEREN FEEER SR R R SRR e I -{ﬁ-c'_r
i + -
; - h G Fed e
tiif Graph Gheet 3,3 .6ei
= o
i b+ oFe Seid Jaslysabel -
: 1 aey ia ths
3iiLieY, 3
T I PRIy
e 3 b
s
T e
th i
T i
ih thHb
i b
Tt
i
T
e poe -
t s
HH T
T t
¥ T T T
T h da T
T T T
: i : et e
She b T wyat bretif Tan
i b
e a2
Sitefe FESEE suna v
+ ¥ e HH
T + el e
b " 3 T
. 1Eis = J:I ra
5 vad e 1 g b vda g
v v
E 1 1321 s
111
I i i
s
fo= v . v v = ==
e FEEET i gmid 1o
yrres LR e rei
t
¥ THT
TITTITIT T
| &4 T :
T
: et T
| i H £3 i peeas
T o
T
T H
'
| &
H Tt jwe
T t
T
T T
1 . x | -
T
T T b
T Tt T
TH
T T
¥ 1 1
t T T
* ¥ T T
¥ i
| o + ==
T T s
t T
t
T
A s
I T T i
et
¥ T
¥ T
TIT
B yadanne T
t
2
: o4 &
: T T e
| 5 =
t T
t 1 e
T 1
1 et s
T
1T a2 t P
T ad T
T 2 T |
+ t +
T T 8
t T
aa Ht
- - ol
r m Triipereofesn)
¥ b ttt Ty
43 ¥ Tt i +
|5 i s T T - - et
T v prrreg . bt T pas o i e bt . ——
B i 3 i it oe i [ie4e e neg 44 gd taesd sasst Hsstoteel fatsttatti EHsShish HE TR
+}+ : - : " - sait] PSes 44 g »
i . . . T
1 HEE e } 11 - T T
T T T T T Tt s ik e e 4 aadn
+ t HT 1 T T e ey s : -t .
| ¥ 1 s T t Ty * + + *
s T ve ‘s T 3 a: T *
T Fi e iT t t e T
E t t T t Tt t t * T ¥ TH T T T 4
' t T ¥ T 1 o e Tt T T T 4 T *
T 1 R4 S8 S0 SN i T S A SRS mames b Ak T : -
- .

GLL



mm—-d!.-lrﬂﬁ--mtmmm

in Pig.Je3.6-4, '.I‘." collector voltage is measured to be =14.6 wolts.

3e3e7.1 Degign Teghaicue of Translstor OR-0ff Cireutt’
The anplifiers in this project are in forus of on-off cirouit.

The stepsin designed are discussed below,

Fipd3.7.1=1 (a), (b) and (¢} show un inverter amplifier, the
ecuivalent eircult for cult-off coniition and the equivalent eircuit for
saturatel condition respectively.

To ensure the ocut-off conditiom, the base to emitter wvoltage
should be greater tham a certiia vslues This voltage is deternined by
the bias wvoltage,.ths faput wveltage and the eircuit componeats.
Therefore an inecwelity cam Bs sef up with the aid of the superposition
theoren,

Voo = (TapRg=¥y 00 Ra=Tope "Ry "2 )/(RgeR))
where V, = the required cut-off voltage from base to emitter

V, = the input voltage for cut-off condition

ioo

lnh' the collector loakage curreat

To secount for the wariations of the above guantities, the woret
conagiion inequality is erittem ac

¥ abridged from "Novel Dosdgn Teehnique for Transistér Digltal
Cireuits”s ¥, Hockemberger. _legtronige suitnat 20,1202.
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(b» equivalertt circuit for cul-off condifion

R, 4 e, i il

Vbs

WA

G ne OR
| Vob

I

©) equivalenTcircuit for saluraledcondifion

Fige3e347«7=1 | ANIINVERTER AMPLIFIER

i i\l

Coly i ve e g rhier o e wl




Voo = (Tun RyVygo Ra~Tope "Ry "Ry )/ (R 4R,)
where: V, = = max. imput voltage for cut-off condition

Yyp = min. base power supply veltage

Tm- max, collector leakage current

The above inequality is rearranged to be

Ry 3 (W oV, I/ o IR ) (3e3e70t=1)

To ensure the saturated condition, the base current should be °
greater tham a certain walue. This current is determined by the bias
voltage, the imput wvoltage and the eireuit compoments. Therefore an
equality can be written, om accont for the variations of the voltages
and the circuit components, aa

Iy = YRy = T/t = Vg (Ryem)/(R Ry
where ¥, = min, input voltage for saturated condition

‘“- max, base power supply voltage

Vye = ®axe saturated voltage from base to emitter
I, = the required base current

The above inequality is rearramged to be

Ry & (¥, T IV sLR,e1) (303670 12)
I, is determined from Eqe(3e3e7+1=3)
5, = T /2D (303074 %3)

where 7_ = max. collector power supply veltage
B, = min. collector load
» = min, common emitter curreamt gain
By ueing Ineqe(3e3e7:1=1) and Ineqe(3.3.7.1=2), R, and R, can be

determined by a graphieal mothod.
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b) a noninverting amplifier
Fige3.3.7.1=2 (a), (b) and (c) show a noninverting amplifier circuit,

the equivalent eircuit for !1 off and T, on and the equivalent eircuit for

!1 on and Tz off respectively.

The design of the moninverting amplifier follows the same procedures
a8 the inverter amplifier. Knowing the load in T collector, R .39 One
gan calculate the required base saturation current of ! by using
Eqe(3.3.7.1=3). The value of T, collector voltage, when T, is off, which
is the input voltage to saturate T, is assumed so that IS and R, can be

determined by using Ineq.(3.3.7.1=1) and Ineq.(3.3.7.1=2). T, collector

load !¢1 is chosen in such a way that !1 collector voltage , when cut-off,

smust be equal to or larger tham the assumed value se¢ that !z is surely

saturated under the saturated conditiom. One more inequality is written,
following the equivalent circumit im Fig,3.3.7.1=2 (b), as

'n-1 - (!htz-ln1+' nj' ehol ‘1‘1 ),{l +l}}

where 1'°1 = the assumed collector veltage of !1 when cut-off

v = min. !: base to emitter saturated voltage which may be
regarded to be mero

!cq = min, collector power supply voltage

IQh-1 = max, T, collector leakage current
The above inequality is rearranged to be

<

ll1 r ('cu n-1)f('uu1/nj ubc1 (3.3.7.1=4)
Hence Hu1 can be determined after 23 having been chosem and then

R, and R, can be found out by Ilnq.(3.3.1f1-1} and Ineqe(3.3.7.1=2)

& il
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(Remark : All imequalities can be used for both PNP and NPN transister,
only the magnitudes of voltages and currenta are substituted inte the
inequalities.)

¢) a positive to negative logic amplifier

Fige3a3s71=3 (43, (b) and (e) show a positive to megative logie
amplifier, the eyuivalent circuit for T, off and T, om and the equivalent
circuit for T, on and T, off respectively. From Fige3:3:.7.1=3 (b), the
saturated comdition of T,, relating Ry to R,, results in a similar
inequality to Ineqe(3.3.7+.1=2). R,q ¢an be determined by using Ineqe
(3e3e7e1=l)e From Fige.3.3.7+1=3 (), it is known that the saturated voltage
from collector to base of T, is positive (for PNP transistor), so the
cut-off inequality of '!'a should be

Ry & (W om¥oo g /=T ) /Ry=T  00)

sinee ¥ ., min. sollector saturated veltage of T, may regarded to
be zero, the above inmequality becomes

Ry & Vo o/ (CH =¥y )/ Ry=T ) (3e3474%=5)

The imequalities 1 to 5 are applied in the designs of the amplifiers
in 3“-3-3.6 and S“liijf?lzl

Transistor Charateristice

28697 NPN Silicen transistor
Mimisum rating (T__ = 25°¢)
Collector base break down voltage
Collector emiiter break down voltage

g 2
E.
g

Reverse emitter bas- wvoltage -
Coliector current -
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Total power dissipatiem
Collector leakage current

{'ch' 30 volts, Tj = 150 C)

d.oc. current gain

collector emitter saturation voltage
(I' = 150 ma, I, = 15 ma)

base emitter voltage

(From General Electric Transistcr Mamual.)

28302 Silicon PNFP transistor

Maximum rating ( T .= 25 G)

Collector base break down voltage
Collector emitter break down voltage
Rewerse emitter base break dowm woltage
Collector current

Total power dissipation

Collector leakage current {'uh' b0 volts)

d.c. current gain

collector emitter saturation voltage
(I'- 10 ma, I, = 1.5 ma)

base emitter voltage

(1;n- -5 volts, I' = 10 ma)

(From Texas Instruments Specification Sheet).

100

min.

=40
=40
=20

100

10
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typ. max.

- 1.5 wolts

- 1.3 volts

volts
volts
volts

typ. mAX.

=100 =150 mv

«0.,65 «0.8 volts



0C71 PNP Germanium transistor
Maxinks veting (T = 25°C)
Callector base break dewn voltage
Collecton emitter break down voltage
Reverse emitter base voltage
Cellector eurrent

Total power dissipation
Collector leakage eurromt

4% k%

L
S §

. 2
d!il %%

dec, current gein

l‘.‘l- =2 volte, I =2 ma)
collector emitter saturation woltage
base emitter voltage

The characteridties of the transistors, which are used ia the
deaign, are the d.c. current gain, the base emitter saturation voltage,
the collector emitter saturation voltage, the base emitter voltage and
the collector leakage current.

DeCs current gain 1

Eighty peroent of the min. value is used.

2N697 ¢ min, d.c. current gain = 32

25302 ¢ min, deo. owrrent gain = 12
Bage emitter saturation voltage s

Since 2H697 base emitter suturation voltage is too large and the
eollector currenat of the designed cireuit never exceeds 30 ma which 4o



much lese tham 750 ma, it is preferuble to assume that 2697 base eaitter
saturation voltage is the sambias that of! 25302 tphmsistor.

28597 : max. base emitter saturation voltage = 0,8 velts

25302 : maxe base emitter saturaiion wltage = «0.8 volte
Collector emitter saturation véltage 3

28697 eaturaticen voltage is assumed to De equal te that of 23302,

28697 & max, collector omitter saturation voltage = 0,15 wolts

23302 s waxe collector emitfer saturation voltage = «0,15 volts
Base cmitter cuteoff voltage i

Both 28697 amd 28302 tromoistorsare eilicon transistorsand their
ou'=off voltage is O volt, 7o make sure the guteoff comnditiom let use
=1 and 1 volts respectively.
Collector leakage curreat 3

Since the designed relay #iil be tested at 50 C, collector lenkage
current of 100 micro amp is used as the mexinum value for both types.

Se3e7¢2 Ihe Qutouk ‘mplilier and nd-Op Gate Circuit (hlookS)

Funetion 3
To produce the finsl trip signal,

Circult and eircuit operstiom @

The output amplifier circuit and the and-or gate wircuit are shom
in FigeJeleTed=1. Tg and T, form:'the and-gate. No collector current can
n-mt,mmmnmmmmu. T™e turn-om
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dpﬂsd!,mtuwmmaumngmrmmm
I“u-mmmwuﬁmr‘ummtrxﬂﬂm
5)e 1'“-l'!“-n1mlhmm_mtwmrm1”
h"ﬂﬂhﬂlﬂﬂlhiﬁﬂlﬁﬂﬂd!ﬂ. mmn“ﬂ
thﬂd“l.’-ﬂl-ﬂhmtlh-m-!!“lﬂllﬂllm
kick prodused by the inductance of the coil. Hormally when an overcurrent
mmuur.mmmunﬂum-mmu-ﬂrdm
lhﬂliﬁﬂﬂh-ﬂ-l!ﬂh.m!’thlﬂWYGW
the first oregate. mmu-unumtmwrg
because T,, 1o cut off by the veltage V_ of - 0.05 volts. Thus 7., ie
uwm!“umdrmu“muw—mm
eoil. In this situation the relay contact remains opening. "hen an
mmrumm-mmuh-o.tmu-lr_m
lﬂﬂ“ﬂﬂlhlﬂfﬂuﬂmm.hilﬂu-
current flowing through T, watil a certaia delay time, which is determined
by the integrateor, has passed. mmmmr_mu-u
volts and consequently turms Tg one v, pulse train voltage is then
Mﬂuhmrﬂn-ﬂmmm. Because of the inductamee
-tmnwm-m.mmtmwmmm
hence th» relay comtact closes.

Circuit compoments t
!’h!“ § 25%02 PNP transistor
D"D,‘n“ 1 18121 diode



l9. t 12 kj 0.5 watts
R% t 12 kj 0.5 watts
19. t 100 k3 0.5 watts
1101 ! 12 ki 0.5 watts
nﬂﬂh t 100 kj 0.5 watts
R'g t 8.2 kj 0.5 watts
. t 5.6 kj 0.5 watts
B 1 56 k3 0.5 watts
Ro11 ! 3.9 ki 0.5 watts
!12. t 2.7 kj 0.5 watte
112‘ t 39 kj 0.5 watts
1'12 : 0.39 k3 0.5 watts

t 0.1 kj 0.5 watts

<7

R, coil resistance : 1 kj : «ooll rating voltage 24 volts

Design 1

l“. is wsed to limit the voltage across the coil.
lnul R/(R + Rﬂzl = 24/33
or R = 9°R/2k = 9*1/24 = 0.375 k
Choose 1.12 = 0.39 k £ 5%

Therefore the total T,, ¢ollector load is 1.39 k.

When !12 is saturated, max. !12 collector curreant is

!.12 = 33/(1«39.0-95} = 25 ma

The required base saturatiom curremt is
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I‘“ = 25/12 = 2.1 ma
Let '\-12 = pax, base emitter saturation wvoltage of '.!'12 = «0,8 volta

‘l'““ = the asummed input voltage to saturate Teo = =10 wvolts
Tm“- MiXe 1‘12 collector leakage current = 01 ma
I““-thuqdrdhuidthrntﬂﬂﬂlupﬂ!‘“-1 volt
Vyg1q = DaXe oollector emitter saturation of T,

= max. input wvoltage to cut !“m = «0.,15 volts
Tm“- max. T,, eollector leakage current = Os1 ma

From Ineqe(3¢3.7.1=1), the cut-off inequality is
Ryza * Vio12*Veet11 78 Moy Y0012 120 Tone12’
Substitute the above mqmu; with the numerieal values (omly
the magnitudes, and V. = 27 volts) ,therefore
l"l;h 2 (1*0.1”,((2?-1)/11“ «1)
or R, 4 1.15/(m1a-a.1) (3.3.7.2=1)
From Ineq.(3.3.7.,71=2), the saturated inequality is
R12a = Voor1™V0g127/ Ty Vg 12772120 * Ty 42)
Substitute the above imequality with the numerical values (enly
the magnitudes, and ?“ = 33 volts), therefore
Ryoy = (10-0.8)/((33+0.8)/R,,, +241)
or Ry & 902/(33.8/Ry, +2.1) (3e34702-2)
From mq.{J.J.?.M}. the imequality to determine R is

el

Re11 * Yoo Yo011"Yee14/ 120 Tovor1’

Substitute the above inequality with the numerical valuees (enly
the magnitudes, and V = (=) 27 volts), therefore
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B~

R 41 tz?a-'m)f(mﬁ_w.ﬂ
or l“,' = 17,(10/.1:."0-1] (343e7e2=3)
The calculated data of the above thFes.ingoualities are tabulated
in table 3.3.7.2«1, table 3,3.7.2-2 and table 3.3.7.2=3) respectively

and also plotted on graph sheet 3.3.7.2«1. The selected values of the three

resistom are

Riog = 247 k235X
Reop, = 39 k235K
Roqqg = 3«9 k2 5%

When 'l'“ is saturated, its cocllector curreat increases expenentially
to the steady state value, Then !11 turns off,because the pulse train -
voltage ‘l'. with the result that t.“_, collector current stops flowing but
the relay ceil ourreant comtinuwes flowing through Dyp and H,. Therefore
Hﬂthﬂthmﬂunmm“mt-tﬂmm
saturation of !“ takea place.

Let R, = 0.1 k I35%

Fige3:547+2=2 shows the waveforms of ‘I’.-“, the voltage across l.“.
mrwtumm.mg.mmmt-m-umwm
to energize the relay coil. ‘I'l“! represents the ceoil eurreat when !“
is saturated and 'l'? represents the coil current when !'12 is ocut-off,

After Ro1q having been selected, the required base saturatiom
current of l'“, is caleulated.

Iueg = 33/(3.9°0.95%12) = 0.7% ma

Te choose the values of !.9. Ryqq 2nd Ryqpethree inequalities arve
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written following the same prneiﬁurtﬁ as before.

The cut-off inequality is similar to Ineq.(3.3.7.2-1).

>

111‘ = 1-3}'{-25”11""0-1} {3‘13'?.“)
(Remark : ‘..9. max, collector saturation voltage of Tg is doubled since
the collector saturation woltage of T1n is included.)

The saturated inequality i8 similar te Ineq.(3.3.7.2-2).

Ryqa = 9.3}{53.8}111.+ 0.74) (3e3.7.2-5)

The imequality to determine 2'9 is similar to Ineq.(3.3.7.2=3).

Reg = 17/(10/R , + 0.1) (3e3.7.2=6)

The calculated data of Imeqe(3.3.,7.2=4) and Ineq.(3.3.7.2=5) are
tabulated in table 3.3.7.2-4 and table 3.3.7.2-5 respectively. The
caculated data of I.Iﬂq-(}.}.?-aﬂs) is referred to im table 3-3-7-2"3-
From graph sheet 3.3.7.2-2,

l.‘_.'. = 5-6 k : 5’

Riqp =56 kasd®¥

R = 8.2 kz 5%

e9
The two inegualities te determine I1u. and Roop 2Fe
Ryne = 115/(26/R, =0.1) (3.347.2-7) _
Riga = 92/(33.8/R, +0.35) (3.3.7.2-8)

The calculated data of ‘meq.(3.3.7.2-7) is referred to in table
343¢7<2=1 and the calculated data of Ineq.(5.3.7.2-8) is in table 3.3.7.2-6,
From graph sheet 3.%.7.2=3,

Rige = 12 Kk 2 sy

5%
Reyop = 100 k 2
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Similary,

l* = l% = 12 ki5%

19' = 100 k X 5%

Since 39. and .9h is the load of !ﬂ and !2?' Hﬂ& and H‘!?uaa be
determined from the below inequalities.

R,g 51?..»'(10/19.4»0.1) (3.3.7.2=9)

Ry o0 & 17;{1q319i+n.1} (343.7.2=10)

The calculated data of both above inequalities are referrdd to in
table 3-3-?-2-5, and from mrh sheet 3-5-?-3“’
.eﬂ = ‘¢a7 = 15 k & 5%

Experiment

Te check the operation of the circuit.

Equipments 1
% Variable d,c. powe:r supplies
3 Simpson voltmeters

Procedure ¢

The circuit is biased as indicated in Fig.3.3.7.2=1. The three
d.c. power supplies are connected to the three input terminals. The
three input voltages are set for =0.15 volts and -10 velts as shown in
the below table.



Result 3

The roesults of the experiment are tabulated below,

+

- t ai

Vv, volts |V, volts |V, volts |Relay contacts |V_,, velts

) | |
=015 e 15 0415 open =295
| =015 =015 =10 open =29.5
| «0,15 | =10 «0.15 open =295
«0e15 =10 =10 apen =295
| =10 0415 ~0e15 open =29.5
10 -e15 10 close «0e1
-10 -10 =015 close -0e1
=10 =10 =10 close -0g1

The operation of the circuit is satisfactory.
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“Table 3.3.7.2=3 Caleulatod data of Tneqs(3.3,7.2«3)

Ri2a d Reqq k|
1.68
D34
4,56 .

« G54 . :

8.1 ‘ 2 RTINS \

Ceb '

11,1

12.6

14 .05

15,04

1843 '

21,0 3 [

=5
=%

W OJ0OWwW WM

L T §
P

Table 3.3.?.2-4 Calculated datas of Insq.(5.3.?.2—4)
=¥ 3 p f o

Raqpi X 2 | R Rl | 1307
0.52 1 15
1,08
1.7
2+36
3,09 -
391 | - Ve
2.8 |- -

578
6,86
£.12

3883388EY I3

-




Riop * Ri2a ¥
10 - . 0,46
20 0.96
20 1,49
Lo - 2,09
: 50 2,75 " '
60 5.49
75 4,6
100 7.2
125 10,5
150 1€.4
175 25.0 -
- 200 1 3843 |

¥ o

. Table 3,3,7.2=2 Calculated data of ‘Inoq.(.3-3-?.2-2)' g

Ryop X Riog ¥
10 1.68
20 . 2,82
, %0 2,85
50 L 3,12
- 50 v Je1 '
60 3,46 1-

i . — 'L : -
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Table 3¢3:7.2=5 Calculated data of Innq.{3,5f7_y_5

Table 3,3.7.2=6 Calculated data o

el B

Rip ® | R11a ™ |
10 2.24
20 %.,78
30 4,92
Lo 5.78
50 6.48

60 7.07
70 7455
80 7«4
20 Sec22

100 8452

A

| “401:?,'_‘::'1 B10a * |
10 2.7
25 5o
- 50 8495
77 11.5
100 1343
125 14,6
150 1549
200 1744
17.7
- 3

(]

£ IﬂﬂQ-(3-5-?.2-ﬁ}

14
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3«4 Operation of the Designed Relay
This section covers the operation and the operating -

characteristies of the inverse time-lag unit and that of the definite
minimum time-lag (instantaneous)unit.

3.4.1 The Inverse Time-Lag Unit
Fig.3.4=1 shows the recorded waveforms of the relay operation.

When an overcurrent occurs (the current magnitude I“ is larger than

the pick-up current setting I » but mot larger than the instantaneous
pick-up current setting I;Ih
to be a fullwave rectified voltage I'“ and the d.c. voltage id-' Let

), the operating curreat Iee is rectified

assume, for the explanation purpose, that the following signals have
two states, namely O and 1.
'ﬂ" the comparator=2 output

= 0, nomnovercurrent state

= 1; overcurrent state

V_, the amplifier-1 output to initiate the and-gate

= 0, blocking the trip signal
= 1, allowing the trip signal
l'“, the amplifier-1 output to start or stop integration

= 0, start integration
= 1, stop integration
‘F.. the comparator-1 output to initiate the first or-gate
= 0, no time=lag trip signal
= 1, time-lag trip signal
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Table 3.4=1 Relay operatimg charscteristics at 25°¢

,/// pial | 1| 2| 3| #]5 | 6] 7] 8] 9] 10

% x
;f 4 | Iagfzp opcrating time seec.
Y, 15 1047|2481 34710 [4603 (495|580 [6491 |7.82 |S+82 |9,82
'_Ill 3 |08 [1:26]|1.62[|2:10|2.58|298|5.56 |4,05|4,51|5.01
‘_'I' E 0-""‘3 0.66 OUB‘!I' 10'10 1-% 1-53 '1180 2'05 2'30 2155

| 10 0.28 |0,42 |0.54 [0.68 0,82 [0.93 |1.08 [1.,25|1.38 |1.52
20 0.18 |0.25[0.3D 0.35 |0.42 [0.48 o;sglo.ss 0.70 [0.76

4 '
-
I,, = oporating curreni amp,
o ;
Ip = pick-up currcnt setting amp;
The relay cetvting,under test,is 1 amp.
Table 3.4=2 lelay operating characteristiecs at 50°e¢
» h-—-—. 1
i Iéchﬁ ? GaCe _.'Tha reley sotting is Ip-1,din1-1uf_
| o o 1.5 9.6 T = operating timey
y I : ' i 5 5‘-1 : i . r Il
6 2.6 . ' 4%
10 1453 A
20 0-85 3 :
Table 3.4=3 The operatinrg characteristics of the imstantaneous unit,
: : ] Iggffn T 3Joce The instantencous pick-up setting=5 amp.
i . 5 0.32 The pick-up current sebting Ip ‘=1 amp.
- 1 ! ‘IU 'D-U5 : P .
= 15 | Ggm
.20 0.0%
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I“.mmum-mthmmnmmwu

= 0, no instantaneous trip signal

= 1, instantaneous trip signal
V12 Tqp eollector voltage

= 0, opening of the relay contact

= 1, closing &f the relay contact

Vag 18 fed into the comparator-2 (block &) and causes its output

I..lh.ﬂﬂhhhh.-ﬂ-l1.1“hhmlmlwﬂ--pllﬂm1
u.umt-tm-nr.ﬂrﬂ.l‘m;-mmnm1m
the andegate, which is initiated by l’!. eloses and opens pericdically
to allow and block the trip signal. V  changes from 1 to O state and
consequently starts injegration of the integrator to establish a delay
time (V_, is & d.c. sigaal, please refer to Sec. 3.3.6). This delay time
hwmﬁmhmmm-ummnth‘ml(l";-
While integration starte, V, the output of the comparator-1 changes
hihﬂﬂll’“mﬁmtﬂmmﬂ“hltﬂ-hh.
therefore the relay comntact remains open. A pulse signal of a short
duration appears in the recored waveform of '11 i.0. ‘l.“ﬂ-uu from
0 to 1. This is because of the slow mu—ar..m-uﬁ-uw
_mtm“mmmmummmmﬁ-
sudden increase of the relay ¢oil current. After the relay time, which is
uwwmwmmt:_ﬂm-muMutm.
I.uhn-h:hh!nl“.nlmthpnluhﬂ:ﬂhn'.h -
tr--lthdhl‘uuuutuu“hﬁ-rm-liﬂa.m -
oscillation of I“I“-l--. fluctuating curreat to flow through
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decreases at high operating current. This is besause of the time needed
nm--.mmr;umnaum-—n-tmmu
seen in Fig.3.4=1, is large compared to the relay operating time. Table
3.4-1 is the relay operating time of the relay.

Graph sheet 3.4-2 shows the expectéd operating charscteristic compared
to the actual characteristic. The operating characteristic equation ie
obtained as follows.

From the result of the experiment-2 in Seg.3.5.2.

Tie = Ml'(tuﬂ’)
and from the result of the experiment-3 in See.3.3.2
v = he52°1, ¢
vhere I = the d.e. input current ianto the integrator (ma)

&

= the operating curreant (amp)
= the pick-up current setting (amp)
= the effective sweep voltage (volt)
= time (second)
above equatiomns combine to be
= 4,52°0,218° u_n')-t
- u.ﬂﬁ'(xufxrj-t
The relay operating time T is corresponding to the time that
‘I'. sweeps to ‘l’. the effective referemce voltage, therefore
v, - u.m-u_/:,)-!
or T - ‘l,/(ﬂ-ﬂ'ﬂ-/lii#:
for I = T amp

P
and the dial number = 10, V.= 1t volts (from Table3.3.3-2)

.1 ! ﬂ-ﬂ‘ﬂ ’H



156

the relay coil, hence the relay comtact closes and the operatiom of the
relay is complete.

Fige 3.4=2 shows the waveforms of the relay reset operation. The
vaveforms of the associated voltage are similar to that in FigeJ.4=1
when an overcurrent occurs. The difference is that before completion of
hﬂnmﬂnmmﬁumtlumwnm
dt-ﬂu.‘l’_nllnmu--l;. collapses. Ill‘l'" decays =
exponentially with the time constant of 160 ms (from the record in Fig.
3ek=2)e V , which is comtrolled by V, . suddenly returnste O state.
Therefore no trip signsl is allowed through the snd-gate. V ¢ ©ea mot
change instantaneocusly from O $o 1 because of the presence of the
capacitance BH-Mhhhmﬁm continues about 40 ms (from ‘I;
wvavefrom in Fig.3.4-2 .mx“mmum-_num

-tmum-mmmt';m-ﬁ-nmmupr;

end causes V_ to change from O to 1within this 40 ms, there is still me
m;mn!“uu-mu-—t.uuﬁ-m-unm

this time interval. Therefore no overtravel trip signal can occur, and
the advantage of the and-gate is to eliminate the overtravel.

Operating Characteristiocs 1

Graph sheet 3.4«1 shows the operating characteristies of the relay
at the ambient temperature -ra‘c.mm-hmmumwm
h!ﬂhmﬂumtx‘ﬁ'hmﬂﬂuﬂ-utmﬂ“

current setting are straight line, on the log-log paper, for the dial
setting of & to 10. For dial setting of 1 to 3, the slope of the curve
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The operating equation becomes

T = 1#.2{1“

The expected operating time is less than the actual operating time
since the accelerating time of ‘l';. the time that ‘l: requires to drive
the comparator-1 and the operating time of the output relay 'is not
taken into comsideratiom.

Graph sheet 3.4-3 shows the operating characteristic of the relay
at the ambient temperature of 50 C compared to that of 25 C. The actual
pick~up current at 50'{: for 1 amp pick-up current setting is 1.15 amp
which is 158 more than the setting. The operating time at 50 C for -

of 1.5 amp and dial 10 is 2.2% less than that at 25 C for the same
operating current and the same dial. The operating time &t 50 C for
of 20 amp and dial 10 is 11.3% more than that at 25 C for the same
operating current and the same dial. The data of the operating
characteristic at 50 C ie in Table 3.4=2.
3.4.2 The Definite Minimus Time-lag Unit

Pige3.4=3 shows the waveforms of the operation of the definite
minimum time-lag unit. The operating current I“ is larger than the definite
minimum time=kag unit pick-up current setting times the time delay pick-
up current setting (Ir"Ii’). (Please refer to the experiment in Sec.3.3.5)
ﬂ-ﬂfmfﬂmrmﬂtn1mh-mwhm!brmmm
". to establish the final trip signal 7.12 to energise the relay coil.



Operating Characteristiecs @

Graph sheet 3.4«% shows the operating time of the instantaneous
unit against the operating curreat for the imstantaneocus pickeup curremt
muu-tsﬁ’.mmuunmmmmum
fast enoughe ThiS is decause of the presemce of the capacitor C ia the
input eireuit and the operating time of the gutput relay.Table 3.43 is
the operating data of the instamtamoous unit.

Power Consumption @

The designed relay meeds a continuous dscs pover drain of 2,98 watts
(430 volte and 46 ma, ~30 volts and 950 ma), The imput resistance seen by
the operating curreat is 0.02 ohms. The predominent load resistance is the
primary winding of the curremt transformer. Thus 8% 60 amp operating
current the power consumpiion is 72 watts which is such lower than the
power consumption of the conventiomal overcurremt relay operating at the
3e5 Gompariscn BeSween the Designed Helay amd a Typical Electro- Mechanical
Belay

The designed solid-state inverse time-lag relay with definite minimum
timo-lag locks more complicate tham an electroe-mechanical ome, lowever
the design of this relay is based on the operation of a typical electro =
mechanical relay. The operating characteristies of the inverse-time lag
unit of a typical electromechanical relay is accomplished by cenverting
the operating curremt inte a torque exerting om a rotating dise. This
torque must overcome the restraining torque of the comtrol spring in order
to cause the disc to rotate. The delay operating time is the time that
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the moving contact uses to reach the stationary contacts. In the designed
relay the operating current is converted into a voltage which must over-
come the first reference voltage to start a sweep voltage. The delay
operating time is the time that the sweep voltage uses to reach the
second reference voltage.

The operation of the definite minimum time-lag unit of a typical
electromechanical relay is that the operating current is comverted ihte
a force which must overcome the restraining force in order to close
the output contact. In the designed relay, the operating curreat is
converted into a voltage which must overcome the reference voltage in
order to elose the output contact,

The comparison between the designed relay and a typical electro-
mechanical one is im the below table.

g Designed Relay | Electromeehanical Relay ]'
Power consumption low high
Continuous power drain dec. supply -
Input impedance resistive resistive + inductive
Temperature effect more effect less effect
Overtravel - yes i
Piek=up current setting continuous discrete |
Dial setting continuous continuous 1
Reset time | fast slow l|.



Besides, the above consideration, there are some more topics to

be considered, if the designed relay were put in service,such as cost,
reliability, aging etec..
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