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Electronic Overload Relays
Make Their Mark

Frank Gelbrich

Selecting the right overload relay in
the past depended on a variety of
factors. For example, the reliability
required of the device as tested by
UL, as well as the type of load and
ambient conditions in which the relay
would be expected to perform were
taken into consideration. In addition,
evaluation often included calculating
the probability of the number of over-
loads and the motor type and size to
be protected. These—plus economic
considerations—dictated to a large
extent which type of relay would be
specified.

Today, there is an additional criterion
affecting both protection needs and
device selection. To illustrate, improve-
ments in motor design and manufac-
turing capability have resulted in
decreasing motor size to obtain the
same horsepower. The smaller physi-
cal dimensions of the devices have
made them more sensitive to over-
loads. In essence, this is equivalent to
a corresponding reduction in over-
load withstand capability. Previous
motor designs had a high tolerance
for overloads and made application of
electromechanical overload devices S
satisfactory for protection. The newer @
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higher relay speeds, more precisi ilures and motor reenergization after
and a host of additional performa wer interruption characterize these

characteristics. ew electronic devices.

These needs, plus the growing Basing their tripping “decisions” on
demand for building more

functions into a reasonably

measured input from the motor cur-
rent, and making calculations of real
device, have spurred Sgyel of  and reactive power, phase angle,
the microprocessoigfase ad power factor and impedance, they
relay. Faster, moregéiccugat more  offer rapid and accurate tripping on a
i [ precisely defined basis.

Before examining electronic relays
more closely, however, it is important
to review the purpose of overload

'S relays in motor circuits, and to recall
conventional types in terms of perfor-
mance characteristics. This will help
gain an accurate picture of the whole
selection process, i.e., conventional
overload relays will continue to find a
place in modern electrical protection
practice.
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What Overload Relays
Should Do

Monitoring the current passing
through a motor or transformer is the
principle function of an overload relay.
An overload relay is supposed to
either provide a signal and/or cause
disconnection of the load from the
power supply at a preset value of
overcurrent. Article 430 Part C of

the National Electrical Code (NEC)
requires motor overcurrent protection
for virtually all electrical motor installa-
tions. The relay is part of an overall
protection scheme (Figure 1), put
there to protect the motor, the branch
conductors and motor control appara-
tus against sustained overloads by
interrupting the power to the contac-
tor coil, which disconnects the motor
from the power line. It does not inter-
rupt the motor power independently.
Its role is to protect the motor, control-
ler and conductors through detection
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Figure 1 Motor Protection Scheme

Three-phase voltage unbalance can
cause current unbalance up to 15
times the voltage unbalance, resulting
in motor overheating. Overload relays
are being assigned the task of moni-
toring and responding to these
situations.

Single phasing—when one line opens
in a three-phase circuit while the
motor is running—is another condi-
tion being assigned to the overload
relay to monitor. Single phasin
increase the motor slip. With ex
sive current in the uninterr
amounting to v/3, or 1.73
normal running current.
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such conditions as wel|
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There is a staggering variety of motor
applications, each different, and each
with particular overload protection
requirements. Exactly how relays
achieve their performance to match
these requirements is what is critical
and what, essentially, separates con-
ventional relays from the newer, elec-
tronic models. Defining “how” relays
accomplish their assigned tasks will
enable us to fine tune the “when” in
the selection process itself as far as
using electronic overload relays over
conventional types.

For example, thermal relays respond
to the heat created by current passing
through them. Tripping characteristics
of conventional overload relays have a
wide tolerance because the physical
arrangement of heaters for various

idely. Chang-

current ra Tl
ing the place
few hun an inch in relation-

a heater just a
shiptot al or alloy may

changg th current.
@nal Overload Relays

C
onvggtional overload relays operate
netically or thermally on line cur-
enwflowing to the motor. For proper
t

or protection, they must possess
aracteristics similar to the motor's.

onventional relays include a wide
range of types, starting with the bime-
tallic overload relay containing a’
heater element sensitive to line current
and a bimetallic strip of two dissimilar
metals with different expansion coeffi-
cients. As current increases, the
heater dissipates heat in relation to
the current. The heat acting on the
bimetallic strip, causes the strip to
bend. When the strip has bent a pre-
determined distance, it opens the
normally closed (NC) auxiliary contact
in the overload relay. The coil of the
magnetic motor controller connected
in series to the NC contact, is de-
energized disconnecting the motor
from the line and preventing overheat-
ing. The Siemens bimetallic overioad
relay is also dial-set adjustable—
to motor full load current or in a
ratio 1:1.6.

Another type of conventional overload
relay consists of the heater element,
and eutectic alloy element. When the
motor draws excessive current, the
heat developed within these “melting-
alloy” (called “solder pot”) type relays
melts the eutectic alloy and causes
contacts to open. Melting-alloy and
bimetallic relays are available as
quick-trip or slow-trip models.

The instantaneous trip overload relay
has a core which moves inside a coil
through which current flows. The
normal locked-rotor and full-load cur-
rents are not sufficient to lift the core.
Excessive overload currents will lift
the core and in turn open the NC
auxiliary contact on the time delay
forms, a spring restrained piston
moving in a dashpot delays the
motion of the core. The speed of the
upward motion depends upon the
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The Siemens overload relay can also
be matched to specific starting con-
ditions of a motor it is protecting
through the CLASS selector switch.
The switch controls the trip delay
characteristics.

The National Electrical Manufacturers
Association (NEMA) has created
three class designations for overload
relays, indicating maximum time in
seconds at which the relay will trip
under cold condition when carrying
600% of its current rating. Class 10
(10 seconds or less); Class 20 (20
seconds or less); Class 30 (30 sec-
onds or less). International standards
are equivalent to Class 10. In being
able to switch from Class 10 to Class
30, the same Siemens relay can be
used for normal motor starting condi-
tions or heavy starting requiring run-
up times of up to 30 seconds (Figure
4). The wide setting range of the new
electronic overload relays is another
crucial feature. Using current trans-
formers, the setting range ratio is 1:4.
Overload relays without current trans-
formers are used for motor currents
up to 25A with a setting range ratio of
1:10. A current range of 0.25 through
630A can be covered with only five
relay sizes—reducing stocking

requirements (about 50 conventiogal
heater elements are required p

0.5 to 50 amperes). Besides,
motor protection is possible, t
device's outstanding tripping ac
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There are two reasons for this “wait-
ing period.” First, it is desirable to wait
until the motor comes to a complete
stop before switching to start. Also,
the cool down period permits opera-
ting personnel to have time to think
about corrective action before
attempting a start. Recovery time
after tripping in Class 10 is 35 sec-
onds and Class 30 is 95 seconds.

Serviceability of the electronic relay is
also refined over conventional types.
Essentially, electronic relays can be
tested any time by simply pressing
the TEST button. Pressing the TEST
button causes the yellow LED to light
indicating the availability of service.
Keeping the TEST button depressed
for approximately six seconds, trips
the relay indicated by a red LED.

ic relay are tested by sim-
n overload. In conjunction
LEDs, precise setting to
I'motor full load current is simpli-
> For example, using the yellow
shing condition (over 100% set
current), it is relatively simple to set
the overload relay to the current cor-
responding to the momentary load
condition of the motor. From providing
proper protection, the electronic relay
aspires to the role of being a monitor
of manufacturing processes.

And while conventional relays will
continue being successfully applied
in electrical distribution systems, the
future seems to be leaning toward
electronic types. The main reason for
this is, that logically, the relay could
digitally interface with other com-
puters. True, the real world is largely
analog. However, that situation is
changing rapidly, spurred on by the
development and usage of personal
computers in industry. Electronic
overload relays fit nicely into such a
world (i.e., the blinking warning light
signal could go directly to a central
computer station) because that same
world seeks better protection of its
process motors and easier adaption
to motor start conditions. It demands
fewer devices to choose from in
obtaining a variety of setting ranges.
Electronics have met these demands
in delivering higher tripping precision,
selectivity in terms of time-lag classes
and a wider range of settings in fewer
devices than conventional devices.
Electronics has delivered the
microprocessor-based overload relay,
making the protection of motors more
a science than ever before. B



L 4

degree of the overload and size of the
bypass hole which fluid is forced
through by the piston.

Inherent motor protectors complete
the group of conventional relays.
These devices are installed inside the
motor housing to directly sense tem-
perature of the motor windings. The
most widely used is the thermostat-
type or resistance temperature
detector.

Some conventional overload relays,
such as Siemens 3UA bimetallic over-
load relays, offer ambient temperature
compensation as standard as well as
phase failure protection (Figures 2
and 3). Three directly heated bimetals
are used which bend in one direction
when heated and move two indepen-
dent slidebars. As the bimetals heat

and cool, the slidebars move back
and forth. Bending is uniform when
all three see the same increase in
current. However, when a failure in
one phase occurs, two of the bime-
tals move a slidebar toward the trip-
ping point. As the third bimetal cools
(no current), it pushes the other slide-
bar in the opposite direction. This zig-
zag motion magnifies the effect of
bending motion by three to one. The
net effect reduces tripping time dur;,
ing a phase failure to a fraction of
normal Class 10 tripping time.

The heaters in the Siemens ov

relay are integrated with the b
element. All three poles are f
calibrated and sealed to majffai

close tolerances required b
dards. Actual current ra

ent motors of idRRti ogsepower
can be very diffe to differ-
ences in desigf¥8nCi@sure, speed,

factor. Selection

of the pro for conventional
heater Involves an evalua-
tion of environment. This
me g more than just the

mQior n plate rating. Once that is
un ken, it is to the specifier’'s and
'S a@vantage to simultaneously

n ambient-compensated and
-protection type relay with the
ers “built-in.” Not only does this

minate “heater switching” down
the road, but it also fine tunes the
protection process and allows the
relay to perform the extra duties of
phase protection and ambient
compensation.

Fig ple-Pole Overcurrent Relay With Temperature Com-
ion And Convertible Reset Mechanism, Basic Function

Figure 3 Basic Function of Three-Phase Overcurrent Relay
With Protection Against Phase Failure



Figure 4 Tripping Characteristics
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Electronic Relays

The Siemens electronic overload relay
is a microprocessor-controlled device
that meets UL 508, CSA C222, DIN
57660, part 104/VDE 0660 part 104
and IEC 292-1 specifications, and itis
specifically designed to protect elec-
trical equipment such as three-phase
motors and transformers against
excessive temperature rise from over-
load, single phasing, phase current
unbalance or locked-rotor condition.

Current transformers measure contin-
uously the actual motor current in
each phase. The outputs are propor-
tionately changed into a voltage. The
voltage is compared to a voltage set
on the overload relay dial, both volt-

ages are rectified, digitalized and
applied to the microprocessor. The
microprocessor cyclically calculates
and stores the momentary loading of
the motor. Loads exceeding the cur-
rent setting result in a warning: the
yellow LED starts flashing (important
in process control, i.e., when dealing
with liquids with a high viscosity).
When the overload exceeds 110% of
the current setting, a steady yellow
lightresults. This indicates an impend-
ing trip. Finally, when the preset oper-
ating value is reached, a trip occurs.
This is indicated by a red LED light.

Individual functions of the unit are
monitored by a self-monitoring circuit.
In the event of internal faults, failure or
interruption of power supply, the out-
put relay is set to the tripped position.
After restoration of voltage, the relay
reverts back to its position prior to
interruption.
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