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Abstract; This paper describes and !mplementa an electronic
relay scheme wvhich protect industrlal loads againat overlcad
and unbalance. The scheme vorks on a principle of
integrating a pulse train. The strength of these pulses
depends on the excess of current over the nominal value. it
is shovn that the presented scheme 1is capable of having
variable overload protection characteristica. The relay
design is directed to attain optimum overload protection
that provides wsaxjimum use of xotor and minlxum wvaste
operaticn tlse. The electronic circuit is described in
detalils and different operating nmodes are studied.
Experlimental and analytical results are given and discuessed.

1 Introduction

Proper protection system prevents nuisance tripping vhile at
the same tlme permitting maximus motor utlllzatlon without
degrading linaulation and causing premature motor falluxes,

Overlcad protection of industrial lcads that use thermo-
mechanical relays suffers from many shortcomlings that are
discussed in detalls in (2),[3]).

Rlectronlc replacement of the themo-mechanical devices
ensures lov fallure per operation rates and also provides
greater versatility to the protectlon systems.
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Today high relaying performance on a aeml-conductor chip
of LSI clrcults can ba obtained (1].

Basicslly the problem to be solved is the motor heating,
not overload or unbalanced terminal condltions. In cases of
repetitiva etarting and repetitlve translent overleoad, the
motor windings may get conalderable heat and yet the
protection relay may not operate. The repetitive starting
case may be consldered by the operator. But the repetltlive
translent overload case 1s undetectable by the operator and
may cause serious damage.

To overcome thls problem, the work [3) chooses a constant
lag tlme between the termlination of a fault (or overload)
condltion and resetting the integrator. His feaslble cholce
i1s half the tlmxe taken by the load to cool dowvn to Its
normal coperating temperature after sufferling the severest
translient fault conditlion. Thls may cause bad utillzatlon of
the operatlon. Moreover, the use of £1ip flop Ilntegrated
circults and nonlinear elements adds complexlty to the relay
operation and nolse problems.

This paper descrlbea an electronlc relay scheme vwhich
protects industrlal 1loads agalnst overload and unbalance.
The tlme-overload characterlstlics can be set according to
the load ratlings and can be made faster or slowver to sult
different load dynamlc requlrements. The clrcult Is designed
so that the characteristles should conform to those of
present thermo-mechanical devices that need replacement.
Moreover, the relay works according to the hlstory of
operatlon 1ln order to avold Instantaneous resettling or
valtlng mozre tlxe than 13 actually needed.

2 Protectlion Basic Operation

The conflguratlon of overlocad protection s shown in Plg. 1.
Hormally, the electronic device drives a lov pover seml-
conductor switch that provideas a psth for the clrcuilt
breakezr energlzing coll current, thus keeping the supply on.
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Fig. 1. Basalc configuration of electronic ralay
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The electronlc circuilt detects the overcurrent and/or
unbalance through currant transformers. If the {faolt
condltion perelets, the electronic circult stopa driving the
atetic switch that blocka the circult breaker enargizing
coil currant after a cartain time which is dependent on the
maghltude of the overcurrent. ?hls results in a shut-off of
the syetenm.

Today, the developmente in ths filald of powver sen:-
conductor circult breakers are attractiva. Howvever, the:ze
has baan groving Iintereat in G670, thyristor and pover
transistor «clrcult breakere for short clrcult fault
protectlon, and lndustrlial applicatlons (8].

In case of usling powar seml-conductor clrcult breaker, the
lov pover eeml-conductor svitch can ba omitted and the drive
circult can control the pover device ln one atep

3 operatlion Princlpla of the Electronic Relay

An industrlal overload protection device with contrellable
inveree tlilme-current characteristics can be achleved by
integrating a train of pulsea, The strength of thesa pulses
i1s controlled by the overload current. Both width sand
amplitude of these pulses are controlled by the excess cof
the current over the nominal value.
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Fig. 2. Functional block dlagran of the electronlc relay

Simply the sum of the measured 3-phase current signals are
used to protect the load agalnst wunbalanced resldual
operating condltlons; protection against other unbalances
are alsc feasible. The block dlagram in Pig. 2 1llustrates
the ldea of the proposed electronic relay.

The wvwildth contzoller compares the nmeasured sine wvave
current slignal with a DC level. It produces a sguare wvave
vith wldth dependent on the overcurrent.
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The amplitude controller produces a DC signal that is
proportional to the overcurrent value.

The output signals cof width and amplituda controllers axe
nov processsd in tha mixer to obtain a train of pulses. The
vidth and amplitude of thess pulsea are depandant on the
overcurrent value,

The integrator output is proportional to the strangth of
all foregolng pulses obtalned by the mixer.

The croesover of a predetermined level by integrator
output is dJdetacted by level datector, causing stoppage of
the drive staga,

The cooling slmulator produces a signal for dlscharging
the integrator according to the under 1loading lavel. It
simulates tha cooling process of the protected machlna.

For conducting static switch case, the Jdrive circulit
produces firing pulses for thyristors {(or GTO} snd base
drive current In case of pover transistors.. If the
overcurrent has elapsed Ilts time, the drive circult stop
signalling the static awitch.

3.1 Pulse Strength Control

The basic function of the tontrollers are to control the
amplitude and width of the mixer output pulses depending on
the time-overcurrent characterlstica required.

Thus the controller dJdesign cannot be a uniQue one. Here
differant control methods are suqggested.
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Fig. 3. VN¥aveforas for operation at different
ovarload currents (mode-1)
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3.1.1 Dapendent width - constant lnplltﬂ@o mode {(Mode-1)

Plg. J lllustratas the ganaratlon of rectangular pulses by
comparing the llne current slignal X'ly eln(wt) with e DC
level corresponding to tha nomlnal current ly. Tha varlatlon
of load current affects the width of the rectangular pulsas
only. The tlae wldth Ty can be expressed as a functlon of
ovarloading factor X by eq. (1).

ix - 2 sin~1(1/x)1
Ty (1)
v

Whera X = 1/Iy

Deflnilng the strength of a pulae to be the product of lts
amplltude and width, each pul=e strength ¥111 be glven by

Aix ~ 2 sln"lq1/x))
g(X) = (2)
w

Since the Integrator accumulates the hlstory of these
pulses, the sua of 8(X) will be accumulated at its output.
The trlppling wlll occur 1f the lntegrator output exceedz the
predeternlned trip level value Vipyp.

The trip conditlon under steady sgate is given by,

Ytrip = N°8(X) (3)

Substituting number of pulses N with its equivalent
Terip/T in eq. (3), the trip time-pulse strength relation-
ship would be gliven by,

Verip'?
i T o

Using eq. (2) and (4), the trip time wil]l be

vtrip L S
Terip ™ t5)
Alx ~ 2 sin~l{1/X))

Standardlzing the constants in eq. (5) so az to get a
genezral tripping time of Typypg for overcurrent fault Xg,
eq. (5) will be modified to be

Teripo [x - 2 sin~1{1/%g))
Terip ™ (6)
x - 2 sin~}{1/x))
vtrip'T"

A lx - 2 sin~l(1/Xg))

Yhera Tiripo =
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3.1.2 Dependent width - dependent amplitude mode (Mode-2)

In £ig. 4, the varlation of load current affects both wldth
and aaplitude of the rectangular pulsas.
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Flg. 4. Vaveforms for operation at different overload
currents {(mode-2}
The pulae strength 8(X) in this case will be glven by,
k*ly*(X-1)<Iz - 2 sin~3(i/x)}
8(X) = (7)

\

Proceeding along the sase steps of mode-1, the trip time-
overload relationship for mode-2 will be

Teripo©(Xg-1):lz - 2 sin~l(i/x))
Terip ™ {8)
(X-1)+(z - 2 sin~Y(i/X)) -

4 Relay Characteristics

The obtalned eg. (6) and (8} are the trip timas-overload
relationship in mode-1 and -2 rxespectivaly.

In order to evaluate tha relay characterlstics, =
predetarained operating polnt should be aubstlituted in agq.
(6) and (8). For example, 1f the relay mshowld trip after
Teripo = 1 sac for overload of Xg = 10, the trip-ovarload
characteristlics obtalned by eq. (6) for mode-l apnd eqg. {8)
for mode 2 sre glven in Flg. 5.
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Fig. 5. Trip tlime-overload characteristic of
the electronic relay

Hoda-1

Since the pulse width depends on the intersection between
a constant level vith sine-function, it 1s easy to conclude
that)
tha pulse wldth increasea rapidly at beginning of
overloading, but at high overloading wvalues the width-
overload tends to be linear., This explains the very fast
changa in trip time wvhen overloadlng less than 120%. For
overloading more than 100%, the change in trip time is not
considerable.

Hoda-2

The equation that describe aode-2 is a product of mode-1
vith an inverse function. This is due to the double effect
of overloading on thea pulse strength 3(X). Thesa effects
provide another characterlstlic as shown in Fig. 5.

5 Electronic Relay Implementation

A hardvare implementation of a etatic relay for mode-2 is
shovn in Flg. 6. Tha vave shepes shown in Pig. 4 describe
the oparstion of the propoaed circulit.

The excess of load current produces & pulse train at the
output of comperstor ICl. The vidth of this pulse dependa on
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the overlcad currept. Vaveforap a and b illustrate the
variation in width of the comparator output depending on the
amount of overload. )

The tranaistor svitch T 13 used to changa tha pulas leval
troa -V¢,+Vc Into 0,4Vec level.

A DC level proportional to the load current is obtained at
the output of ampllifier ICS.

During the on time c¢f transistor 7T, the mixer output
depends on the overload excesa negativa value and the
posltive wvalua Ve conducted by the tranalstor. The
amplification of IC2 stage are adjusted so that a negatlve
output 18 obtained at max!imum expected overload.
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Flg. b6, Hardwvare lmpleaentation of the electronlc relay

During the off-time, the mlxer output will be positive and
depends on the overload level delivered by ICS.

The switching on and off of Vc by the transletor T will be
mixed with the overload level to get wildth and amplltude
dependent pulse train.
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_Thess pulsas are Integrated by Integrator IC6 and the
output is compared vith the predeterained level Vi¢rgp.

A stop slignal is produced vwvhen ths Integrator output
exceaeds the trip level. The integration conmtants p3 and C
control the Integration rete.

The speed of the system response can bz controlled by
adjusting the potentiomater p3i.

The cooling slmulator dischargees the integrator in case ol
undeérload. The speed of discharging should represent thn
cooling rate of the protected motor.

By adjusting the relay constanta, a famiiy of
characteristica can be obtslned.

5.1 8tatic clrcult breaker

During the fev last yeare, many industrial researche= have
developad inveatigations on =atatic evitching devices for
many appllcations. The high rating and varlety cf new power
electronic componenta (Thyristors, Power Tranalatora, Gate-
Turn Off Thyristora, ...) glve flexlblllity for using statlc
circult breakere {81}.

The static devices offer outstanding svltching charac-
teristlics. The pover HOSFET tranalistors allow swvitchling
timea ip order of a microsecond, (lover than response tlmes
of the electromechanical clrcult breakers).

In additlon to the decrease of mass, the statlc circult
breakers offer wmany advantages in comparisen vith the
classical devices such as:

* its full autoncomy, adjustablility and rellablililty.

1 very fast. .

* the cost iIs competlitive,

» i1t aspumes more functions than an electro-mechanical
clrcult breaker.

no electric arc wvhich exhibits no maintenance, a good
stabllity of the swvitching characterlistic and the abllity
to use in inflammable environment.

no rebounding, and so no voltage translients.

very lov control energy.

nolseless wvorklng.

feaslbllty of setting a telecontrcl, by optical fiber for
instance.

The static clilrcult breaker shown 18 cowmposed of GTOQ,
dlode, warlstor (not ashown). The GTO is used to get very
fast interruptlon than thyristors. Hencs a nonlinear
repistancs such as varistor should be connected in parallel
to the svitch in order to absorb the splkes generatad due to
fast interruption. The series dlode is added to increase the

reverse blocklng capabllity of the swvitches that use GTO
thyristors.
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. & Experimental Results
The descrilbed electronlc clrcuit is designed and conatructed
with standard 1C 741 and Darlington transistor TIF 121. The
deslgn is based on llnear elements to get easy adjustment
and hlgh rellabllity. Moreover, the llnear elements are not
sensitive to the nolse conpared with flip flop elementsa.

The trip time 15 measured by uslng a storage oscilloscope
unit, vhere ths current and trip slgnals are recorded at the
same tlme.

140 T r —— T — T T ——

Tl.r.lp
(gec)

120 _

s*» Experimental

100k —  Thegretical ]

BOL i

60 J

sol J

20 | -

0 A PR | 1 — . PR
1 1.5 2 2.5 b ) 2.5 + 4.5 5 x 5.5

Fig. 7. Experimental and analytlcal performance

A comparlson betwveen experlimental and theoretlcal results
is given 1ln Fig. 7. The devlatlons between the two curves
are due to
AMeasurenent errors
*Loadlng effects on the smoothlng capacltor used 1In

amplitude controller stage shown In Fig. 6.




Mansoura Engineering Journal (MEJ) Vol. 15,N0.1, June 1990 E.33

T 1"0 T T — T T SR B T r
trip
(sec) J
120 [-
100 -
hOL I
f
i
80 8
40 ﬁ
20 - =
T r—— %
0 1 | T— | I y — I L F | B
1 1.5 2 2.5 3 2.5 4 4.5 5

Fig. 8. Experimental relay characterlstic
for AlfFerent tzip level

The characterlatics obtalned In Flg. 8 correspond to a
slocwer and fapter response of the reljay when the trip level
ia reduced to 508 by using potentiometer pd4, It ia clear
that vsrlatlons in speed response against overload can be
obtalned through a simple potentiometric control.

8 Conclusion

The time-overload characteristics of the implenented relay
can be set according to the load ratings and can be made
fastex or slovex to suilt different ioad dynamlic
requirements,

The variation in speed of reaponse agalnst overload can be
obtained through a simple potentlioweter. .The relay works
according to the history of operatlion. Hence, thls relay can
be a true mode! of the reaction to overload and underload
conditions. This avolds lInatantaneous resetting or walting
more time than required.

Bacause the fallure rate of semiconductor elements does
not depend on the number of actuwal operations through which
they are usmed, the rellabllity of thies relay will ba better
than the thermo-asechanical relays,
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Bilnce the burden ratings of the used current transformex

is

very lov, they may be made sasll in size snd

comparstively cheep.

The investigetion =hould be devoted to considexr smblent
teaperature to get optimum protection by using the desscribed
elsctronic relsy in thls wvork.
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