Main features

1 (40)

Three—phase combined SPAJ 3R1? Jb
MOTOR PROTECTION RELAY SPAJ 3R5 J6

Static current retay

Number of phases

Spacing letter

Rated current in amps
Mechanical construction code

multi-relay protection for motors
and generators

also applied for protection of trans-
formers and cable feeders

used for motor protection, the relay
provides instantaneous short-circuit
protection, thermal overtoad protec—
tion, single-phasing and unbkalanced
load protection, incomplete phase
sequence protection and protection
against prolonged starting

used for protection of generators,
transformers and feeders, the relay
provides instantaneous shert-circuit
protection, definite time overcurrent
protection, thermal ocverload protec-
tion and unbalanced load or single—
phasing protection

continuousiy adjustable wide range The relay plug-in unit
current settings type SPAJ 3R5 J6

two separately and continuously ad-

justable time—constants of the thermal

unit enable the thermal characteristic of the relay to be adapted close to that
of the protected object

output on the front panel for a load indicating instrument for checking the
thermal replica of the relay

thermal unit partial reset facility enables hot restarting, if required, by the
moter drive

an operation of the thermal unit can be postponed, if required, by the pro-
cess

selectable prewarning level indicates an appreaching thermal operation
negligible thermal overshoot, due to digital information processing
stabilized negative sequence current unit

low burdening of current transformers, < 0,5 VA per phase

low transient overreach, <5 &

robust mechanical design

self~regulated supply unit for any d.c. supply within the range 40, ..275 V
high-duty output contacts for direct tripping of circuit-breakers

relay cases available for flush mounting, semi-flush mounting or projecting
mounting or the relay can be enhoused in a 19 inch subrack
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Area of application

The motor protection relays SPAJ 3R1 J6 and SPAJ 3R5 J6 are integrated mul-
ti-relay protections, the former on 1 A rated c.t. secondary ievel and the latter
on 5 A rated c.t. level. One motor protection relay comprises three functional
units, i.e. a three-phase definite time overcurrent unit with an additional high
set element, a three—phase thermal overload unit with two separately adjustable
time—-constants and an unbalanced load unit, based onh measuring the negative se-
quence current.

The motor protection relay provides short-circuit, thermal overload, single-
phasing and stalling protection for motors. Applied on big generators the motor
protection relay provides short-circuit, overcurrent and thermal overload pro-
tection and for small generators also unbalanced |load protection. The motor pro-
tection relay is also used in other applications, in which a definite time over-
current protection, combined with a thermal overload protection and a single-
phasing protection is required, e.g. for protection of power transformers and
feeders.

The motor protection relay is provided with three energizing current inputs, but
it can also be two-phase or single-phase connected. When single-phase connec-
ted, the negative sequence current protection is out of operation.

Principle of operation
Thermal overload unit

The thermal overload unit measures the load currents of the protected object
and by means of this information and the information about the rated load current
of the protected object and its thermal time-constants, the motor protection re-
tay forms a replica of the thermal situation of the protected object as a function
of time. The thermal replica, as seen by the relay, is available from the relay
in the form of a voltage U (%), which is directly proportional to the heating of
the protected object. The operation of the thermal overiocad unit is mathemati-
cally characterized by the following expression:
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a voltage proportional to the heating ¥ of the protected object

1 = the load current of the protected object, variable

IMN = the rated load current of the protected object

T = shorter time-constant of the protected object

Tz = longer time-constant of the protected object

K = weighting factor of the exponential functions

t = integrating time, i.e. the time of the protected object being in
service

By means of the time-constants T and Ty and the weighting factor K, the expo-
nential function {1) is given a form, which as closely as possible conforms with
the heating curve of the object to be protected. The setting Iy defines the ra-
ted load current of the protected object, i.e. Iy is the c.t. secondary current,
when the protected object runs with rated loading.

The tripping heating SL_ is continuously adjustable and it is set in proportion to
the nominal heating SN' The nominat heating ¥n is the heating level obtained at




rated current lya after an infinite range of time. The thermal overlcad unit de-
livers a prewarning for an approaching thermal tripping. The prewarning level
9| is selectable in steps by means of a plug selector on the relay front panel.

As the protected object is running, the relay measures the lecad currents and
forms a thermal replica of the heating of the protected object according to ex-
pression {1), adding up a voltage U {8) in its memory. The voltage U () is pro-
portional to the heating of the protected object and when the protected object is
heavy-loaded, the voltage U (9} increases and when the protected object is mo-
derately loaded, the voltage U (8} decays, continuously following the thermal
situation of the object to be protected.

The voltage U {$}, proporticnal to the heating of the protected cbject as seen
by the thermal unit, is available in a measuring outlet on the relay front panel.
The voltage is so calibrated that the voltage value U (8), corresponding to the
nominal heating ¥y, equals 1,0 V. The voltage U (¥), measured in the outlet on
the relay front panel, at any moment thus indicates the heating level reached,
or mathematically expressed:

U (3)

P T oV

N (2)

When the thermal unit has operated and the protected object has been discon-
nected, the voltage U (4) starts decaying with a speed, which depends on the set
time-constants T4 and Ts. As the voltage U (%) goes below the level correspon-
ding to the set tripping heating level 'SL, the output relay of the thermal unit
drops out and the protected object can be restarted.

As the heating has exceeded the set prewarning level 84, it can be intentionally
and manually lowered just below the prewarning levei ¢, i.e. the thermal unit
can be partially reset, which enables a thermal trip to be postponed or if the
thermal unit already has operated, enables a hot restarting of the protected ob-
ject.

As the thermal unit reaches the set prewarning level SH, an auxiliary output re-
lay picks up and the indicator Ty of the thermal units turns on, glowing with a
green colour, thus indicating that the thermal prewarning level $4 has been ex-
ceeded and that a thermal tripping is to be expected, unless the locad is net de—
creased. As the set tripping heating level 9 is reached, an other high-duty
output refay picks up and the operation indicator T turns red.

Definite time overcurrent unit

The overcurrent unit is a three-phase definite time overcurrent element, pro-
vided with an additional high set instantaneous stage. The overcurrent unit
starts, as the input energizing current of one or more of the phases exceeds

the set operating current | > After a preset delay of 100 ms, the starting output
relay picks up. After a set time-lag t, the overcurrent unit operates, its high-
duty auxiliary output relay picks up and the operation indicator Ta turns on,
glowing with a red colour., If the input energizing current exceeds the set high
set current level | 2>, the overcurrent unit cperates instantaneously, i.e. the
high-duty auxiliary output relay picks up without any intentional delay and the
operation indicator T4 turns red. The time-lag stage and the instantaneous stage
operate a common output relay. The high set stage can be set out of operation
by selecting the setting | >> =2 [nfinite.




Linbalanced load unit

The unbalanced load unit is based on measuring the negative sequence current
lp, which, when present, indicates a phase current unbalance. Severe negative
sequence currents appear upon loss of one phase and during unsymmetrical faults
in the network. An unbalanced loading of the stator winding of a rotating machine
causes additional losses in the machine and if the situation is permitted to per-
sist, heavy local overheating may appear. The unbalanced load unit starts, if
the negative sequence current l; exceeds a preset starting level of 15 % of the
set rated current [y of the protected object. After a preset time-lag of 5 s,

the unit operates and the heavy-duty output refay, common to that of the over-
current unit, picks up and the operation indicator T3 turns on, glowing with a
red colour. The unbalanced load unit is stabilized against maloperation in heavy
through-fault conditions. As the lcad current exceeds the set rated load current
Ipny, the stabilizing function is effected and the starting levet of the unbalan-
ced load unit is raised proportionatly to the load current. The unbalanced load
unit can be set out of operation by replacing a plug selector on the P.C. board

of the unit.

Thermal replica outlet WU(E)

The thermal overload unit forms a voltage U (-3), which is proportional to the
heating of the protected object. This voltage is fed to a measuring outlet, mar-
ked =@ @+ U (8), on the relay front panel. The outlet is protected against short-
circuiting and overloading. The voltmeter, used for measuring the voltage U {#§),
should have a relatively high input resistance, i.e. R;q = 20 kQ/V. Too low an
input resistance of the measuring instrument gives too low a meter reading. A
recorder can also be connected to the measuring outlet. In this way a graph can
be plotted, showing the thermal locading of the protected object in service over a
period of time. The method can also be used for controlling the relay settings.




Block schematic diagram

0 U, Auxiliary supply voltage
L2 SPA-ZH1 Optional electronics” voltage
L3 supervision unit
l 1) Overcurrent unit starting output
\__s:‘_ 2} Alarm output, overcurrent or
* o )\m unbalance units cperated
3} Trip output, overcurrent and
$2 unbalance units
HIE: 4) Thermal overload unit, trip and
alarm outputs
] 5) Thermal overload unit prewar-
M ning output
T Prewarning and operation indi-
cator of the thermal overload
unit
To Operation indicator of the over-
current unit
T3 Operation indicator of the unba-
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Block schematic diagram and connection diagram for the motor protection relays
SPAJ 3R1 J6 and SPAJ 3RS Jb6

Connections

The motor protection relay is usually three-phase energized, the input A1-AS5
from phase L1, the input A2-A6 from phase L2 and the input A3-A7 from phase
L3. The relay type SPAJ 3R1 J6 is rated 1 A and the type SPAJ 3R5 J6 is ra-
ted 5 A. The energizing inputs are equipped with automatically operating bridge
contacts, which short-circuit the c.t. secondaries, when the relay unit is with-
drawn from its case. The relay ¢can be withdrawn from and pushed into its case
during operation.

The motor protection relay can alsc be two-phase or single-phase connected.
The thermal overload unit and the overcurrent unit can be two-phase or single-
phase energized, while the unbalance unit requires two-phase connection for
proper operation. If the motor protection reftay is single-phase energized, the
unbalance unit should be set out of operation by means of a selector plug on the
printed circuit board, see also page 15.




When the motor protection relay is two-phase connected, the phases and ener-—
gizing inputs correspond to each other as listed in table 1.

Energizing cur—- ([Energizing input on relay Table 1

rent from phases A2-A6 A3-A7 Two-phase connection with
L1 and L2 L1 L_2 cycling of phases and energi-
L2 and L3 L2 L3 zing phase c.i.s
L3 and L1 L3 L1

As the overcurrent unit starts, the starting output relay, Al11-A15-A19, picks
up, after a preset time-lag of 100 ms. As the definite time stage 1> or the high
set stage | >> of the overcurrent unit operates, the output relay, A4-AB-A12
and A10-A14-A18, picks up. The change-over contacts A11-A15-A19 and A4-
AB-A12 are high-duty contacts, capable of directly controlling a circuit-breaker
trip circuit, while the change-over contact A10-A14-A18 is a |ight-duty contact
for signalling purposes.

As the thermal overload unit reaches the set prewarning heating level n‘}H, the
output relay, A9-A13-A17, picks up. As the set thermal trip level 9 is reach-
ed, the output relay, A21-A23 and B10-B14-B18, picks up. The normally open
contact A21-A23 and the change-over contact B10-B14-B18 are high-duty con-
tacts, capable of directly controlling a circuit-breaker trip circuit. The change-
over contact A9-A13-A17 is a light—duty signhalling contact.

The unbalance unit operates the same output relay as the overcurrent unit, i.e.
Ad-A8-A12 and A10-A14-A18.

The auxiliary supply voltage of the relay is fed to the terminals 16 and 20, the
terminal 16 being positive and the terminal 20 negative. The internal supply unit
withstands a reversed pelarity of the supply voltage, but the supply unit does not
start.

A label on the relay plug-in unit states the auxiliary voltage range, for which the
relay unit is intended.

If a continuous supervision is required for the internal electronics” voltage of
the relay, an optional electronics” voltage supervision unit can be connected to
the terminal 17. The supervision unit provides an alarm signal over a normally
closed contact, if the internal voitage of the electronics turns abnormal.

Operation indicators and reset push button

The three functional units of the motor protection relay are each provided with
their operation indicators on the front panel.

The operation indicator Ty of the thermal overload unit is a dual colour indica-
tor, which turns green, as the set prewarning heating level "Q'H is exceeded and
automatically changes to red, if the thermal unit operates, i.e. the set tripping
heatihg level 9 is exceeded. The indications are memory controlled, i.e. the
indications persist, until they are reset by pushing the common reset push but-
ton on the relay front panel. The green indication of the indicator T resets
also automatically, if the heating goes below the prewarning level %H'

The operation indicator T, turns red, if either the definite time stage | > or the
high set stage | >> operates, and the indication persists, until it is reset by
pushing the common reset push button,

The operation indicator T3 turns red, if the unbalanced load unit operates and
the indication persists, until the common reset push button is pressed.




The reset push bution on the retay front panel has three different functions.

For the first the reset push button is pressed for acknowledging the operation
indications.

For the second the reset push button can be used for a partial resetting of the
thermal unit, which enables a hot restarting of the protected object. This featu-
re is not effected before the heating has exceeded the set prewarning level 9.
When the reset push button is pressed, the heating level, as stored in the memo-
ry of the thermal unit, falls down to a level 70 % of the set thermal trippihg le-
vel. Thus the reset push button can also be used for postponing an approaching
thermal tripping, if the reset push button is pressed after that the heating level
¥4 has been exceeded. The partial resetting possibility should be used exerci-
sing great caution, because a hot restarting of a protectied object can be accom-
panied by considerable risks.

For the third the reset push button can be used for a rapid check of the internal
electronics” voltage of the relay. Whenever the relay is connected to a proper
auxiliary supply source and the reset push button is pressed, the indicator T\
should turn on, glowing weakly with a green cotour, thus indicating the presence
of a proper internal electronics’ voitage. If the indicator does not turn on, the
electronics” voltage is to be measured in the measuring outlet on the relay front
panel.

Auxiliary supply voltage

For proper operation the static protective relays reguire a continuous supply of
auxiliary energy, fed from a suitable d.c. or a.c. scurce. The level and the type
of auxiliary voltage, i.e. a.c. or d.c., intended for supply of the protective re-—
lays, is to be part of the order statements.

Normally, the protective relays each are equipped with an internal power unit,
intended for supply from any station battery, the level of which is within the
range 40...275 V d.c. This standard power unit covers most of the voltage le-
vels commonly used in power plants and transforming stations. A protective
relay, provided with the standard self-regulated power unit, is interchangeable
between different stations, as long as their station battery voltage levels are
within the range 40...275 V d.c.

On request the relay is provided with an internal supply unit, rated for a supply
voltage within the range 17...40 V d.c.

A label on the left side of the relay plug-in unit states the supply voltage range,
for which the relay is specified.

The internal power unit galvanically isolates the auxiliary supply network from
the electronics of the relay and forms a stabilized 24 V d.c., which is the inter-
nal feed voltage level of the electronics.

The internal 24 V d.c. can be checked roughly by pushing the reset push button
on the relay front panel, see page 7, section "Operation indicators and reset
push button'. The internal electronics” voltage is also brought out to the outlet,
marked -® @+ 24 VV, on the relay front panel. From this outlet the voltage can
be measured using a voltmeter, the input impedance of which is =20 k(Q/V, to
provide an accurate meter reading., Too iow an input impedance of the meter
renders too low a meter reading. The internal electronics” voltage level is to
be 23...25 V d.c. The measuring outlet is short-circuit and overload protected,

The internal electronics” voltage can be continuously monitored with an optional
monitoring relay type SPA-ZH 1. The monitor delivers an alarm signal through
a normally closed contact, if the monitored voltage takes an abnormal level, if
the relay supply voitage disappears or if the relay unit is withdrawn from its
case during operation.




Relay settings

The operating values of the motor protection relay are set by means of setting
khnobs and range selector plugs on the relay front panel. There is also a selec—
tor plug on the relay printed circuit board, by means of which the unbalance unit
can be set out of operation. For settings, see also the section "Examples of app-
lications" and Appendix 1 and 2.

Draw-out handle
Reset push button

Operation indicaters
Tq = thermal overload unit
To = overcurrent unit
T3 = unbatance unit

Settings:
- Balansing constant K
- Rated load current Ipn/A
- Time-lag t/s setting knob and
range selector plug, stage | >
~ Shorter time-constant T/min
- Tripping heating 4_/8N
-~ Operating current [ >/A
- Longer time-constant T4 /min
- Prewarning heating §,4/%_
- High set current | >>/A

Measuring outlets for: Sftromberg Spal. 3RS
- the voltage U {#) o
- the electronics” voltage

m:(_!)'i;z}
75T G180

so{f Pz
\ I
o

: 55\ Moo
I1/A

Draw-out handle and locking latches Front view of the motor protection
relay type SPAJ 3R5 J6. The setting
knobs are mechanically lockable by

. means of locking screws.
Thermal overload unit 9

The thermal overload unit is provided with six settings. The setting IMN/A is a
correction setting, by means of which the actual rated load current of the pro-
tected object is defined. l.e. the setting lpq, expressed in amps, is equal to the
current, measured or calculated, which flows in the c.t. secondary circuit, as
the protected object runs at its nominous load. The function of the thermal over-
load unit and the unbalance unit is based on the setting lyyy. For the thermal
overload unit, the setting Iy defines the nominous heating level ¥y and for the
unbalance unit the setting Iy defines the actual operating level and the point,
where the stabilization feature is activated in through-fault situations. The ac~
tual load current setting Iy is continuously adjustable within the range 0, 5. ..
1,2 A for the relay SPAJ 3R1 J6 and within the range 2, 5...6,0 A for the relay
SPAJ 3RS J6.

The shorter time—constant T is continuously adjustable within the range 2. .. 20
min and the longer time-constant Ty is continuously adjustable within the range
20...200 min., Note! For T the dial starts 2; 3,5; 5; 7,5 etc. and for Ty the
dial starts 20; 35; 50; 75 etc.

By means of the weighting factor K, the relative weight of the two exponential
functions in the expression {1}, on page 3, on the total thermal function is deter—
mined. l.e. the thermal behaviour of the protected object is the sum of two expo—
nential functions with different time-constants and in different applications and
for different protected objects the two exponential functions are of different im-
portance. How much importance the two exponential functions will have on the
total exponential function (1), is defined by the setting K. The factor K is conti-
nuousiy adjustable within the range ¢,0...1,0. If K is set 0,0, the exponential
function with the time-constant T is set out of meaning and if K is set 1,0, the
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exponential function with the time-constant Tp is set out of meaning. In these

two cases, the thermal behaviour of the unit 's defined by a simple exponential
function with only one time—constant. In all other cases, when K is set anywhere
between 0 and 1, the thermal behaviour of the overload unit is defined by two ex-
penential functions, which is close to the physical reality for all rotating ma-
chines.

The tripping heating level «9|_ is set as a relative value, based on the nominous
heating 8y and the setting is continuous within the range S /8y =0,8...1,8. A
prewarning before an approaching thermal tripping is obtained at 80 %, 90 % or
100 % of the set thermal tripping level 4 . The prewarning level is set by means
of a plug, the positions of which are marked 0,8; 0,9 or 1,0, corresponding to
80 %, 90% or 100 % of the tripping heating level 4 _. In the position 1,0 the pre-
warning is obtained simultaneously with the thermal tripping.

When giving the thermal overload unit a proper setting, an overload protection
can be realized for any object to be protected, the thermal behaviour of which
cah be described by an exponential function with one or two time-constants.

By means of the time-constants T and T, and the weighting factor K, the thermal
overload unit can be given a setting, which follows any heating curve of a pro-
tected object, which with a sufficient accuracy can be described by one simple
or two superponed exponential functions, see fig. 1. If the protected object is
sensitive to short-time overloads, the shorter time-constant T1 and the weighting
factor K should be emphasized, when setting the thermal unit, see fig. 1, curves
1 and 3. A small set value of T1 and a high set value of K means that the thermal
unit reacts rapidly to variations of the load current. If the protected object is
less sensitive to short-time overloads, the effect of the weighting factor K can
be forced towards the exponential function with the longer time-constant Ty by
giving K lower settings. The curves 2 and 4 in fig. 1 are thermal lead curves,
where the longer time-constant is dominant.

Thermal load curves for motors, generators and transformers are typical ther-
mal load curves, composed of two superponed exponential functions with diffe-
rent time-constants. For these objects, the shorter time-constant mainly defi-
nes the flow of heat from the copper to the iron, while the longer time-constant
defines the flow of heat from the iron to the cooling medium. The weighting con-
stant K defines the over-all effect of the flow of heat in the protected object.
The above description is a simplification of the thermal behaviour of an object
to be protected. In practice the flow of heat in an object is defined by a great
number of time-constants, of which one, the longer, is usually well defined,
while a great number of shorter time-constants in practice can be substituted
with one short time~constant. By doing so in a thermal overload relay, the re-
lay can be set very close to the actual thermal behaviour of a motor, generator
or transformer.

By giving the weighting factor K the setting 0 {(zero) or 1, the thermal overload
unit acts as a thermal relay with only one time-constant, see expression (1} on
page 3. If K = 1, the time—constant Ty defines the behaviour of the thermal unit
and if K = 0, the time-constant Tg alone defines the performance of the thermal
unit. Cable feeders are typical abjects of protection, the heating curves of which
are defined by only one time-constant, see fig. 1, curves 5 and 6.
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Fig. 1. Typicatl heating curves for some objecis to be protected

Nec. 1 and 3: Generator curves
No. 2 and 4: Asynchronous mector curves
No. 5 and 6: Cable curves
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Fig. 2 illustrates the behaviour of the thermal overload in two situations, where
the protected object is loaded up to a certain heating level and then unloaded.
The thermal overload unit is set K=0,4, T = 2,5 min and T5 = 60 min. In case
A the protected object has been operated with a load current of 1, 14 x IpmN for
so long a period of time, that the heating has stabilized on the level 1,3 x 'SN
(Note! 1,142 ~ 1,3). As the heating has stabilized on this level, the protected
object is disconnected and the thermal unit starts cooling according to the time-
constants and settings of the relay. In case B the protected object has been ope-
rated with a load current of 0,9 X Iy for so long a pericd of time, that the hea-
ting has stabilized on the level 0,81 x ¥y. Then the load current is increased to
1, 5 x [N and the protected object is disconnected, as the heating reaches the
level 1,3 x B and the relay starts cooling. When comparing the cooling curves
A and B, it can be seen that the cooling curves de not concur, although the coo-
ling starting level and the settings are the same in both cases. This means that
the thermal overioad unit also takes account of the thermal situation prior to

the thermal tripping.

While the operation of the thermal overload unit is based on a direct measure-
ment of the phase currents and on mathematical calculations, carried cut in the
relay digital circuits, the thermal overload unit witl be extremely fast operating
and adaptively following the load current variations. Hence the thermal overload
unit can also be applied for protection of such objects, the load of which varies
rapidly and irregularely.
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Fig. 2. The function of the thermal overload unit in a cooling situation. The
cooling takes place after two different previous lcading conditions.

The thermal trip level §_ and the thermal prewarning level ~9|_| are set according
to the requirements, set up by the protected object and the drive. When setting
the therma!t overload unit, it must be kept in mind that the heating is propoertio-
nal to the load current squared. E.g. a thermal load of 1,3 x ¥y corresponds to
a 14 % overcurrent {= V1,3~ 1,14). If the prewarning level is set $; =0,8 x 9,
this means a 2 % overcurrent in the previous example (V0,8 x 1,3 =~ {, 02), as the
set tripping level was & = 1,3 x 8y .



Examples of characteristics, which can be given to the thermal unit of the motor

protection relay
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Fig. 3. The effect of the time-con-
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Fig. 5. The effect of a prior load on

the current/time characteris-
tic of the thermal unit.

Curves 1 and 2: The protected
object has been preloaded with
0,9 x Iy, until a thermal stea-
dy state has been reached.
Curves 3 and 4: The protected
object has not been preloaded.

Time
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Fig. 4. The effect of the set thermal
trip level /&y on the cur-
rent/time characteristic of
the thermal unit.
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Fig. 6. Typical current/time charac—
teristics for various protec-
ted objects.

Curve 1: Cable feeder.
Curves 2, 3 and 4: Asynch-
ronous motors.

Curves 5 and 6: Generators.
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Definite time overcurrent unit

The starting current | > of the definite time stage is continuously adjustable
within the range 0,5...4,0 A for the relay type SPAJ 3R1 J6 and within the
range 2, 5...20,0 A for the relay type SPAJ 3R5 J6. The dial of the setting is
graded directly in amps.

The time-lag t of the definite time stage s continucusly adjustable within the to-
tal range 0,2...30,0 s. The setting range is divided in three partial ranges by
means of a rahge selector plug, i.e. 0,2...1,2s; 1,0...6,0s and 5,0...30,0 s,
corresponding to the selector plug positions t x 0,2; t x 1 andt x 5 respectively.
If the range selector is missing, the dial multiplier ist x 5. The time-lag, ex-
pressed in seconds, s obtained by multiplying the dial reading by the multiplier,
corresponding to the range selector plug position.

The high set current | >> is continuously adjustable within the range 2..,12 A
for the refay type SPAJ 3R1 J6 and within the range 10...60 A for the relay ty-
pe SPAJ 3R5 J6. The dial of the high set current setting is graded directly in
amps. The high set stage operates instantaneously, the operating time including
the output relay being < 40 ms. If the high set current is set for %, infinite, the
operation of the high set stage is set out of operation.

The high set stage | > is used for short-circuit protection. The definite time
stage | ™ is used in applications, requiring two-level overcurrent protection.

In motor protection the definite time stage | > is used for supervision of the mo-
tor starting time.

The starting output relay operates after a preset delay of 100 ms, after the de-
finite time stage starting current | > having been exceeded.

Unbalance unit

The unbalance or the negative seguence current unit is preset to operate after
a delay of 5 5, as the negative sequence current lz {or I_} exceeds 0, 15 x I -

The unbalance unit is stabilized against maloperation, caused by high through-

fault currents. The stabilisation is effected, if the load current exceeds the le-
vel 1 x Ipgny, and the starting level |2/|MN is increased. The stabilizing feature
prevents relay maloperation in heavy through-fault conditiens and during star-

tings, see fig. 7.

IZ/IMN

1.0 7

0.8

0.6 ]

0.4 ez}

02

0 I/IMN
(4] 1 2 3 4 5 6

Fig. 7. The negative sequence current |5, required for operation as a function
of the load current Iy




The unbalance unit can be set out of operation, if the protected object is provi-
ded with a separate negative seguence current relay, which is usually the situa-

tien for power plant generators.

The unbalance unit is set out of operation by means

of a selector plug on one of the printed circuit boards
of the motor protection retay. As the plug is in the po-
sition S2, the unbalance unit is out of operation, see
fig. 8. Access to the selector plug is obtained by tur-
ning the left side printed circuit board of the motor
protection relay aside. This can be done, after unwin-
ding two screws in the upper corners of the printed
circuit board. When the printed circuit board is ope-
ned, it should be handled with care,

= sl ]

B

Fig. 8. Selector plug
for disconnection of
the unbalance load
unit
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Technical data

Energizing inputs

Rated current Iy

Thermal withstand capability, continuous-—
ly /for 10 s/ffor 1 s

Input impedance

Rated frequency fi

n 1" ", on request

Overcurrent unit

Low current 1 > setting range
High current 1>> setting range

Transient overshoot

Time-lag setting range for the low cur-
rent | > stage

Dial accuracy, applies over full setting
range and for any setting

Repetitive accuracy

Starting output relay time~lag, preset
High set stage | >> operating time including
the output relay

Drop-off time including the output relays
Drop-off /pick-up ratio

Thermal overload unit

Setting range for the rated {cad current
IMN '
Dial accuracy, applies over full setting
range and for any setting

Balancing constant K setting range
Setting range for the tripping thermal le-
vel 8 /9N

Dial accuracy, applies over full setting
range and of any setting

Repetitive accuracy

Selectable thermal prewarning levels

/9

Setting range for the shorter time-constant
T

S1etting range for the longer time-constant
L)

Dial accuracy, applies over full setting
range and for any setting

Repetitive accuracy

Calibration of the thermal replica voltage
u (&)

Accuracy of the voltage U (§)

Linbalance unit

Setting range for the rated |ocad current
MmN

Operating level of the negative phase se-
quence current ly /Iy

Preset operating delay

Drop-off /pick-up ratio

Drop-off time including the output relay

SPAJ 3R1 Jb

1A

3/30/100 A
<150 mQ
50 Hz

60 Hz

SPAJ 3R5 J6

5 A

15/150/500 A
< 20 mD

50 Hz

60 Hz

[ 5]
[ 8]
=]
3
3

T10%
ts5%

3

m 1, 00 v
+ 0,02 V



Auxiliary supply voltages

Standard relay

Relay on request

Auxiliary supply burdens, relay under
standby /tripping conditions

Influence on the relay operating values of
the auxiliary supply within its permitted
range of variation

Permitted ripple in d.c. supply as per
IEC 255~11

Qutput contacts

Making and breaking voltage,

d.c. or a.c. 250 v
Making capacity for 0,5 s 30 A
Continuous carry 10 A
Breaking capacity for d.c. with

the load time-constant L/R < ]» 7 A3 A/1 A
40 ms at 48/110/220 V d.c.

Terminal numbers
A21-A23

Test voltages

Insulation test voltage, inputs and out-
puts between themselves and to the frame-
work as per IEC 255-5, series C

Impulse test voltage, inputs and outputs
transverse, and inputs/outputs to the
framework as per IEC 255-4, appendix E,
class 11l

High frequency test voltage, inputs and
outputs transverse, inputs/outputs to the
framework as per IEC 255-6, appendix C,
class Il

Spark interference iest voltage, inputs and
outputs transverse, ir\puts/outputs to the
framework as per SEN 361503 class 3

Environmental conditions

Relative humidity as per DIN 40040 class F

Specified operation temperature range
Temperature influence on the operating
values of the relay over the operation
temperature range

The relay maintains its operating capabi-
lity over the ambient temperature range
Storage temperature range

Degree of protection of the relay cases
Mass of the relay unit

AT11-A15-A19,
B10-B14-B18,

17

40,..275 V d.c.
17...40 V d.c.

~7 W/~ 18 W

+0,5%
£12%
250 VvV 250
20 A 10 A
7 A 5 A
7A/3A/M A 1AJ0,75 A/
0,15 A
AB-A12, A13-A17,
AG-A13 A4-_AB,
A10-Al14-A18
2 kV, 50 Hz, 1 min
5 kV, 1,2/50 us, 0,5 J

2,5 kv, 1 MHz

4,..8

<95 %
+35°C

-10...

kV

, max. 30 d/a at

+55°%C

<0,2%/°C

-25...
=40. ..

1P 40

4,9 kg

+55°C
+70°C
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Examples of applications

Example 1: The motor protection reiay applied for protection of standard asynch-
ronous motors {induction motors)

M P2__ P1 Up = AUXILIARY SUPPLY VOLTAGE
S——
SPA-ZH1: OPTIONAL ELECTRONICS' VOLTAGE SUPERVISION
/ . UNIT
52| |50 4 = OVERCURRENT UNIT STARTING OUTPUT

Hbn 2 ALARM CUTPUT, OYERCURRENT AND UNBALANCE

UNITS

UNITS
THERMAL UNIT, TRIP AND ALARM QUTPUTS

I~
n

5 - THERMAL UNIT, PREWARNING OUTPUT
SPA-ZH1]

,,fb_ 1 23 4 5
[ e e e e e

. e . . —
L i IO e L TR
i i i . H » —
QAT AS A2 AB AR AT MMapcB17 AN, AT REL AW AR PN it an
A .

SPal IRY J6

Jromberg SPAL 3RS UG

B
N —_— 75’(![_"

Fig. 9. The motor protection relay and its connection to the line current trans-
formers

These setting instructions for protection of standard asynchronous motors apply

to motor installations, where:

- the motor supply voltage is equal to the motor rated veltage +10...%0 % at the
moment the motor is started o

- the ambient temperature of the protected motor does not exceed +40°C

- the motor is allowed to be started twice from cold-motor-state and once from
hot-motor-state

IT the motor drive differs from what is specified above, i.e. if three successive
cold starts are permitted, if the motor is allowed to be started during undervol-
tage in the supply networik, or if the motor supply can be changed over from one
network to an other after a short break in the supply, the settings should be se-
lected with care and, if necessary, the motor manufacturer or the relay manu-
facturer should be consulted.

If a motor is replaced by a new one, the settings of the motor protection relay
should be carefully checked to match the settings, according to the requirements
on the new motor in the current application. The settings of the motor protection
should also be checked, if the loading situation of the motor is change in a way,
which effects the starting time of the motor in the particular drive.

Rated motor load current 'MN

The rated motor load current lygy is defined as the current, flowing in the c.t.
secondaries, as the motor runs at its rated load. The current is either calcula-
ted from the primary rated load current by means of the c.t. transforming ratio
or the current is measured in the c.t. secondary circuit, as the motor runs at
rated load. [t is essential to set the current IpN as accurately as possibie,

3 = TRIPPING QUTPUT, OVERCURRENT AND UNBALANCE



Thermal overload unit

The thermal overload unit protects the motor from being overloaded in a way,
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which causes damage to the motor on account of too high temperatures in certain

parts of the motor.

The longer time-constant Ty is set according to the loading time-constant of the

motor as stated by the motor manufacturer,

Table 2. Loading time-constant for some Sirdomberg-manufactured [.v. and h.v,

standard asynchronous motors

Motor type specification Rated voltage of Loading time-~
and construction the motor /kV constant/min
HXU 71 - 100 1) 0,38...0,66 60
HXU 71 - 100 1) 3...6 100
HTW 80 - 100 2) 3...6 40
HJU 12 3) 3...10 60
HSU 10 — 11 4) 3...10 60

1) — self-cooled
- totally enclosed construction
- cast iron frame

2) - self—cooled open construction or

- self-cooled totally enclosed construction, connected to a cooling air duct

or to a heat-exchanger
— through-ventilated stator
- sheet-steel frame

3) - self-cooled or auxiliary cooled totally enclosed construction, connected to

a cooling air duct or to a heat-exchanger

- self-cooled specially protected by enclosure

- stator and rotor through-ventilated
- sheet-steel frame

4) - self-cooled totally enclosed construction, connected to a heat-exchanger

- stator and rotor through-ventilated
- sheet-steel| frame

The shorter time-constant T is selected from the diagrams in fig. 10,

Fig. 10. The shorter time-constant Ty as
function of the motor starting time
and the longer time-constant To

The curve, corresponding to the time-con-
stant Ty is followed and the point on the
curve, corresponding to the motor starting
time on the horizontal axis, is looked for.
By projecting the point on the curve, cor-
responding to the motor starting time, to-
wards the vertical axis, the time-constant
T1 is found.

For standard meotors, the weighting factor
K is set for 0,4. The tripping heating ievel
B9 /9N is set for 1,3 and the prewarning
thermal level $4/8 is set for 0, 8.

TIME - CONSTANT

Ty /mn

[}

e,

STARTING TIME

- ...“ .]'I,. .‘ . 44
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Fig. 11aillustrates the waiting time, required before a hot motor can be suc-
cessfully restarted. A hot motor is a motor, which has reached its rated heating
level. Fig. 11b illustrates the same waiting time, required before a motor can
be successfully restarted, when the motor has been tripped by the thermatl unit,
i.e, the heating of the motor has reached the set level 1,3 x rated heating level

LN

COOLING TIME/MIN COOLING TIME/MIN
10 204
| 1 k | 12/min /]
L~
84+ 0,[0 100 /4 16 v
L 1 0.4 60 s y Pd |
el losl o /// 2 D%
L i 8 - o 0.6 | 40
< 2% N s | oo
2+~ 4 0.4 | 100
-
1] -~ i 0 - .
0 4 8 12 1B 20 T¢/min o 4 B8 12 1% 20 T/min
a) b

Fig. 11a and b. Cooling times of the thermal overioad unit as function of the
settings of the unit

Overcurrent unit
High set current stage | >>»

The high set current stage constitutes the motor short-circuit protection. The
high set stage is set on a value, corresponding to 1,5 x the motor starting cur-
rent. If the starting current of the motor is unknown, the high set stage is set
on a value appr. 10 x the motor rated load current.

Low current stage | > and operating time-lag t

The definite time low current stage supervises the motor starting time. The |low
current | > is set high enough to permit the metor to be loaded up to the point of
motor pull-out torque. For standard motors, the low current is set oh a value,
corresponding to 3 x the motor rated load current. The operating time-lagt is
set on a level 10% more or at least 1 s more than the measured starting time of
the motor, including the foad connected to the motor,

Thermal tripping and prewarning levels

If not otherwise stated by the motor manufacturer, the tripping heating level
«SL/{'}N is set at 1,3 and the prewarning heating level GH/'SI_ is set at 0, 8.

Lnbalance unit

The unbalance unit supervises the presence of a negative sequence current in
the phase currents. The most severe current unbalance appears at the loss of
ohe phase of the motor supply.

The unbalance unit starts, if the negative phase-sequence current exceeds 15 %
of the motor rated load current Ipgy. The operating time-lag is preset to 5 s and
the unbalance unit is stabilized against maloperation, caused by heavy through-
fault currents.




Example of settings

Features of the protected motor:
- rated current Iy
- starting current Ig

- starting time tg

loading time—constant To

Current transformers selected, ratio

Motor protection relay selected

Settings of the motor protection relay:

TN =-5—-:;—02'0'-Z-§—A’~‘<f4,6A

K = 0,4

T = 5,3 min

T2 = 60 min

{’rH/«‘}L= 0,8

S /= 1,3

t =1,1x13s~ 14,3 s

[ > = 3 x gy 14 A=2,8x 1y

275 A
6 x I
13 s

60 min

300/5 A
SPAJ 3R5 J6

(rated motor load current)

{(page 19)
(" 9,
{given)

(page 19)
(" 19
(" 20

(" 20)

| >> =1,5x6xI ~42 A=8,4x 1y ( " 20)
? MN N

fig. 10)
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Example 2: The motor protection relay applied for protection of standard synch-
ronous motors

These setting instructions for protection of standard synchronous motors apply

to motor installations, where:

- the motor supply voltage is equal to the motor rated voltage +10...-5 % at the
moment the motor is started

- the motor is directly on line started or started over a transformer

— the motor is started as a asynchronous motor over a starting transformer or
reactor or directliy on line

- the motor is allowed to be started twice from cold-motor-state and once from
hot-motor-state

— the ambient temperature of the protected motor does not exceed +40°c

If the conditions on site differ from the above specified, the settings of the relay
should be selected carefully and, if necessary, the motor manufacturer or the
relay manufacturer should be consulited.

If a motor is replaced by a new one in a specified application, the settings of the
motor protection relay should be checked and readjusted, if required, to meet
the requirements of the new motor in the current application. The settings shouid
be checked also, if the motor load is changed in a way, also altering the motor
starting time in that particular drive.

Rated motor load current IpnN
The rated motor Joad current Iy is calculated from the expression:

_ Iy where Iy = motor full Joad current
N = _
I H; = current transformer ratio

If the c.t.s are located on the network side of a possible block transformer, the
influence of this transformer on the motor current setting lpyy should be noticed.
The current Iy can also be measured in the c.i. secondary circuits, as the mo-
tor runs at full load.

Setting of the overcurrent unit
High set current stage | >

The high set stage operating current | >> s set to a level, corresponding to

1, 5 x the motor starting current. The motor starting current is calculated in the
relaying point, i.e. the effect of a possible block transformer, starting transfor-
mer or starting reactor should be noticed.

Low current stage | > and operating time-lagt

The definite time low current stage | > is set to a {evel, corresponding to 1,2 X
the motor rated current and the operating time-lagt is set 10 % or at feast 1 s

in excess of the motor starting time. If the motor is started with full loead and

the motor is of heavy design, the tow current stage can be set higher, but not in
excess of a level, corresponding to 0,7 x the motor starting current. The motor
rated current is calculated, taking into account the location of the current trans-
formers,




Setting of the thermal overload unit

The shorter heating time-constant Ty

When protecting chopper motors, the shorter time-constant Ty is selected from
fig. 12. For other synchronous motor drives, the shorter time-constant T is
selected from fig. 13.

For respective drives, a proper setting value is obtained as follows. A line is
drawn at right angle to the horizontal axis and through the point on the axis,
which corresponds to the motor starting current, and an other line is drawn at
right angle to the vertical time axis through the point, which corresponds to the
mator starting time. By means of the point of intersection of the two auxiliary
lines drawn, the curve nearest to the intersection point is selected and the va-
lues of T4, K and 'SL./'SN! related to this curve, are taken as set values for the
thermal unit. |f the point of intersection falls underneath the curve group, the
curve No. 1 is selected. [f the paint of intersection falls in the middle between
two curves, the value of Ty is interpolated from the T values of the adjacent
curves.

No.|T1/min| K | /%y
1 2,0 |0,6] 1,3
2 2,5 |0,6| 1,3
3 3,5 |0,6| 1,3
4 50 |0,6]| 1,3
5 7,5 | 0,6 1,3
6 | 10,0 | 0,6| 1,3
/17 12,506 1,3
s 60 e
N N
} IWSSASNN
e
X 20 \\1\‘ - M \‘
: Ry
_§10 \‘\\\\\
" \\\\\\\\‘\\\
I 6 I
o | \
Jl e,
o 4
L)
=
2
1 1.3 1,2131415 2,0 3.0 4,0 5,0 6,0 7.0 xIy

Starting current xIy

Fig. 12. Group of curves for determining the value of the shorter heating time-
constant Tq for a chopper motor. The starting current I in the figure
relates to the current transformer secondary side, taking account of
the location of the current transformers.
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No.|[ T /min| K [§_/8N
1 2,0 |0,8 | 1,3
2 2,5 (0,8 1,3
3 3,5 10,8 | 1,3
4 50 (0,8 | 1,3
5 7.5 |o,8| 1,3
6 | 10,0 |o0,8| 1,3
/_7 12,5 | 0,8 1,3
550 ~ 7
NN
0 NINER D i
@ \\\ <’ m\ \Q\\\
E ™ N
4_'20 \\ \ \\\
) NS N
£ ] SN \\
5 \\\\\ P
w 10 ™ NN
- _ \\\ \\\
e 4
=
2
1 11 12131415 2.0 3.0 4,0 s0 60 70%IN

Starting current xIy

Fig. 13. Group of curves for determining the value of the shorter heating time-
constant T9 for a standard synchronous motor, The starting current [N
in the figure relates to the current transformer secondary side, taking
account of the location of the current transformers.

The longer heating time—constant Tgp

The ionger time-constant Tg is set equal to the rated load heating time-constant
of the protected motor. The rated load heating time-constant is stated by the mo-
tor manufacturer. If no information is obtained from the motor manufacturer, the

rated load heating time-constant of a synchronous motor is set for a value 40. ..
60 min.

Weighting factor K

When protecting chopper motors, the weighting factor K is set for 0, 6. For oth-
er synchrenous metor drives, such as pumps, wood mills, fans, compressors
and grinding machines, the weighting constant is set for 0, 8.

Thermal tripping and alarm level

If not otherwise stated by the motor marnufacturer, the thermal tripping level

?l—‘ég%} ;s set for 1,3 and the prewarning heating level $,/8 is set for 0,8
= b ).

Unbalance unit

The unbalance unit supervises the presence of a negative sequence current in
the phase currents. The most severe current unbalance appears at the loss of
one phase of the motor supply.
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The unbalance unit starts, if the negalive sequence current exceeds 15 % of the
motor rated load current IpgN. The operating time-lag is preset to 5 s and the
unbalance unit is stabilized against maloperation, caused by heavy through-fault

currents.

Example of settings

FProtected motor
Motor drive

Consecutive starts

Motor starting method, con-—
nection to the supply and lo-
cation of the current trans-
formers

Motor rated current

Maotor starting current
Full load starting time
Lecad heating time-constant
Winding temperature class

Current transformer ratio

Recommended settings:

Synchronous
Chopper

Two cold starts and one hot start are per-—
mitted for the motor.

The motor is started using a stari-up trans-—
former. After starting, the motor is connec—
ted directly on line. The c.t.s are |located
between the motor and the start-up trans-
former.

275 A

880 A (= 3,2 x I}
12 s

45 min

B (according to IEC)
300/5 A

I = 22222 A~ 4,6 A

Tq = 2,3 min (page 23, fig. 12)
Ty = 45 min {given)

K = 0,6 (page 24)

Y /= 1,3 ( " 24)

94/8_ = 0,8 (" 24)

t = 1,1 x12s%=13,2s (v 22}

| > = 1,2 %x Iy~ 56A (" 22)

12> = 1,5x3,2xIyyw~22 1A " 22)

For other protected objects, such as generators, transformers and feeders, the
motior protection relay is set from case to case, according to the requirements
set up by the protected object in its actual application,



26

Secondary testing

The ability of a protective relay to properly perform its task is best verified by
testing the relay at certain intervals. If not otherwise prescribed by local au-
thority regulations or by the general practice of the company, it is recommended
that the relays are tested every third year. Relays, operating under abnormal
environmental conditions, are tested every second year or a visual check of the
relay is included in the maintenance program of the installation.

For secondary testing of the relays, the universal relay test adapter type SXPA
1A6 N1 and a conventional relay test set, e.g. the type SXPA 260A120 N1 by
Strémberg or any other suitable manufacture, is used. The relay test set is, if
necessary, supplemented with or completely substituted by the following testing
accessories:

- regulating transformer, e.g. 0...260 VV, 8 A, 2 pces

- isolating transformer, e.g. 220 V/4...20 V, 300 VA, 2 pces

- digital multimeter, 1 pce, and ampere-meter, 2 pces

- timer with start/stop function

- auxiliary voltage source, e.d. the station battery

- switches and indicator lamps

L1 L2ZL3N S
—’I/ Timer start
-0
_/f/fI I1
l
l ? é :
|
|
I
1
s2 | -0
-1 1,
Timer stop
+
é) ® (%b Up
Timer
stop
Timer
stop
Relay test JL JL T ’ ’ T
adop’(er LA o W .rL..J Ty P G A "ﬁﬁr23 B“k_/\__ Aapf\,._'
SXPA 146 N1 AT AT AZ AE AT AT Weu0E7  AHAT MBLAL G AR BR A A
‘ B IR T Y B I nj 1]
' T
EIEI T s v \
L I I r--/dB 1 | /] = G Ty
: X S 1P Jif ]
o @ I= ATz | p J— L .
'Iﬁ | TS i i
2g 3 [ SHED I
m ™ 1 | L N TZ‘
- = 2171 . .-
g8 __/H ' L] w, (L8 I ~®.}
n ¥ i 0.2 309 1 —— (08 ‘
. i 1 W . ‘
,.@ =" T
8 o [ ;
5 A EemEnaliank T T
CS T M
! o Bt - RESET -

Principle secondary test circuit for the motor protection relays SPAJ 3R1 J6
and SPAJ 3R5 J6



Definite time overcurrent unit

Control of the low current setting | > and the high current setting 1 >>

Relay settings: Test switches: Set operating Test results
. 0. 2= 59 = | current | >/l /A
H
1 55 = s2 =0 0,5 =
2,0 x) =
All other settings are insignificant, 4,0 =
x) The drop-off/pick—up ratio is E”i‘;;?;f/p'c"“ -
measured at this setting. P -
Relay settings: Test switches: Set operating Test results
t=5s S1=1 S2=0 current | >>/Iy 1/A
]
2 =
All other settings are insignificant. 6 =
(12) =

The tests can be performed as single
pole tests, energizing the inputs A3-
A7, A2-A6 and A1-AS one by one. When testing the high set stage | >>, the li-
mit current level should be abserved, i.e. 100 x the relay rated current for no
more than 1 s.

Control of the definite time setting t and the starting relay delay

Relay settings: Test switches: Set time-lag t/s Test results t/s
| 55> =™ S1 =0—I 1x0,2=0,2 =
1> =0,5x Iy S2 =0 3x0,2=0,6 =
6x0,2=1,2 x) |=
All other settings are insignificant. 3 x1 =3 =
I x5 =15 =
x}'The drop-off time is measured at Delay of starting | _
this setting. =
relay
The test current I = Iy and it is fed Drop-off time =

to the energizing input A1-A5, The
timer is started by closing the switch
51 and stopped by the N.O. contact AB-A12 closing, when the time-lagt is mea-
sured. As the delay of the starting output relay is measured, the timer is star-
ted by closing the switch S1 and stopped by the N.O. contact A11-A15 closing.
If the test current is fed to any of the other energizing inputs, the unbalance
unit will operate after its preset 5 s delay. As the unbalance unit and the over-
current unit have their output relay, A4-AB-A12 and A10-A14-A18, in common,
delay times longer than 5 s can not be measured by energizing any other input
than A1-AS5.

The dreop-off time measurent of the delayed output relay is started by opening
the test switch S1 and the timer is stopped by the contact interval A8-A12 clo-
sing.
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Control of the high set stage | > operating time

Relay settings: Test switches: Set operating Measured ope-
g i i
i -6s 1 = 0—1 current | >>/1y | rating time t/s
155 =2 x I S2 =0 2 -
6 —_—
All other settings are insignificant. (12) =

The test current Iy =2...6...12 x Iy,

The timer is started by closing the test switch S1 and the timer is stopped by
the N.O. contact AB—A12 closing. The operating time is short (<40 ms), i.e. a
fast operating and accurate timer is required.

LUnbalance unit

Control of the operation of the unbalance unit

Relay settings: Test switches: Set load ra- . Test results

[MN = [N St =1 tedlh(;UNr“/l"I;ﬂt |-|/|N t/S

1> =2 x Iy sS2 =1

| >> =2 x Iy 1 = (0,62 x Iny)| =
0,5 = (0,37 x IN}H =

All other settings are insignificant.

The test current l; is set equal to the rated load current I The testing of the
unbalance unit requires two currents, !y and lp, see the principle test circuit.
Both test currents are set at | = 15 = Iy and in this situation the unbalance
unit should not operate. Then the test current Iy is lowered to the level and the
relay should operate after a delay of 5 s. As the unbalance unit has operated,
the current is increased, until the unit resets.

The operating time of the unbalance unit is measured as follows. The test cur-
rents are set Iy = Iy = Ipy. Then the timer is started by opening e.g. the switch
S2 and the timer Is stopped by the N.O. contact A8-A12 closing.

If the unbalance unit does not operate, please first check the selector plug on
the left side printed circuit card, seen from the front side of the relay. If the
selecior plug is in the position S1, the unbalance unit should operate and if it is
in the position S2, the unbalance unit is set out of operation. If the selector plug
is missing, the unbalance unit is also out of function. After finishing the test,
the selector plug is placed in its appropriate position.



Thermal overload unit

Control of the shorter load time—constant 1,

Relay settings: Test Test Set time— | Measured | Calculated

_ switches: current | constant operating | operating
K =1,0 1,/1 T9/min time t/min| time t/s
IM =0,5x Iy S1=0—I 17N
'SL_lj’SN = 1,0 S2 =0 _
Sg/5 = 0.8 200 | 20 |- 7
1> 4 x Iny ’
All other settings are insignificant.
Control of the longer load time-constant Ty
Relay settings: Test Test Set time- | Measured | Calculated
K 0.0 switches: current | constant operating | operating
'MI} =005 x Iy Sq = 0—1 VAN Tq1/min time t/min| time t/s
R ;| w0 |- r

? =

> =4 x Iy 2 200 780

All other settings are insignificant.

When controliing the time-constants 1y and Ty, the auxiliary supply voltage
should be cut off for a while, before every new measurement, in order to com-
pletely reset the memory of the relay. The control of the time-constants is ba-
sed on measuring the operating time for the thermal overload unit at referenced
settings and a specified energizing current level.

While the test is going on, the test current is kept as constant as possible, as
the operating time s reversed proportional to the square of the energizing cur-
rent. The measurement is started by closing the switch S1 and the timer is stop-
ped by the MN.O. contact A21-A23 closing.

Simultaneously with the time-constants being controlled, the voltage U (8), for-
med by the relay and proportional to the thermal behaviour of the protected ob-
ject, can be measured in the output on the relay front panel. At the same time,
the prewarning level 94/9 can be checked. For measuring the voltage U (8), a
high input impedance digital meter is used. The meter is set on its range, e.d.
0...2 V d.c., and it is connected to the output, marked -® ® + U (8), on the
front panel. The voltage U {#) is so calibrated, that at the setting n‘}L_/rSN =1,0
the voltage U (4) = 1,00V, as the relay operates. As the prewarning output relay
AS-A13-A17 picks up and the indicator T4 turns on glowing green, the voltage

U {8) = 0,80V, if the setting $4/%_ = 0, 8,
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Contraol of the tripping heating level $_ /%N

Relay settings: Test switches! Set tripping Measured |Calculated
heating level | operating |operating
Iy = 0,5 x Iy S1 =01 ) ! b ;
K =10 S2 =0 3 /9N time t/s time t/s
[ 08 |- 62
N 1,8 = 143

All other settings are insignificant.

The test current |y, energizing the relay, is set I =2 x Ing.

Control of the weighting constant K

Relay settings: Test switches: Set value of Measured | Calculated
_ the weighting | operating | operating
IMN =0,5x IN St = 0—l . .
Ty - 20 min S2 -0 constant K time t/s time t/s
;gz i 20 min 0,0 - 78
L/'SN =1,0 —

1S =41 0,3 - 78

N 1,0 = 78

All other settings are insignificant.

The test current 1y, energizing the relay, is set Iy =2 x INy. The test is started
by closing the switch S1 and the timer is stopped by the N.O. contact A21-A23
closing. The test current is kept as constant as possible, during the test going
on. Before each test, the auxiliary supply voltage of the relay is cut off for a
moment to empty the relay thermal memory.

Control of the rated load current setting IpN

Relay settings: Test Test Set rated Measured| Theoreti-
K =1.0 switches: current!| lead current| voltage cal voltage
] o

T = 2 min Sq = VAN IVSVAIN u(s)/v |uis)/v

’8’|_/’SN=],8 SZ=O 015 0,5 = 1,00

All other settings are insignifi- 1,0 1,0 i 1,00
1,2 1,2 = 1,00

cant,

A test current Iy, equal in level to the set rated load current Iy, is used for

energizing the relay. The relay is energized for abt. 5 x the set time-constant
Tq (i.e. abt. 10 min}, after which the voltage U ($) is measured with a digital
voltmeter. Within the test time, the voltage U {#) should have to rise to the final
level 1,00 V, corresponding to the nominous heating level 9y at the set values
of the reiay. During the test going on, the test current |y is kept as constant as
possible, as the test current effects the thermal behaviour of the relay with its
squared value.

AFTER THE TESTS BEING PERFORMED, THE RELAY IS TO BE CARE-
FULLY SET, AS REQUIRED BY THE RELAY APPLICATION.



Maintenance and repairs

When the protective relay is operating under the conditions specified in the
section "Technical data'', the relay unit is practically maintenance-free. The
relay unit includes no parts or components, which are subject to an abnormal
physical or electrical wear under normal eperating conditions.

If the environmental conditions at the relay operating site differ from those spe-

cified, as to ambient temperature, humidity or if the atmosphere around the re-

lay holds chemically active gases or dust, the retay plug-in unit ought to be vi-

sually inspected in association with the relay secondary test being performed

or whenever the relay unit is withdrawn from its case. At the visual inspection

the following things should be noted:

-~ Check the relay unit for signs of mechanical damage; framework, contact
plugs and also the relay case

- Shake the relay unit carefully to detect loose partis, such as screws, bolts,

nuts, auxiliary relays or foreign metal particles. Note! The contact plugs of

the relay unit are self-centering and should be loose

Accumulation of dust inside the relay unit; remove by blowing air carefully

— Rust spots on framework, component legs and cups and signs of erugo on the

printed circuit board copper foil

Sighs of tarnish on the silver—-coated contact plugs

- Dirt inside the covers of the internal auxiliary relays. May indicate pitted or
burned contacts, these should be cleaned or replaced.

On request, the relay can be specially treated for protection of the equipment
against the stress on materials, caused by abnormal environmental conditions.

If the relay fails in operation or if the operating values are remarkably diverse
from the relay specifications, the relay should be given a proper overhaul. Mi-
nor measures can be taken by the customer by personnel from the companys
instrument repair-shop, i.e. replacement of indicator LED:s, auxiliary output
relays, contact plugs or the supply unit. For spare parts, refer to the spare
part sets. Major measures, involving overhaul of the electronics, are to be
made by the manufacturer. Please, put yourse!f in contact with the manufactu-
rer or his nearest representative, who take care of the checking, overhaul and
recalibration of the relay.

Note! Stiatic protective relays are measuring instruments and should be hand-

led with care and protected against moisture and mechanical stress, especially
during transport.

Exchange and spare parts

- d.c./d.c. converter Type
Ui, = 40...275 V d.c. SPA-ZU 1
U, =17...40 V d.c. SPA-ZU 2
- set of spare parts SPA-ZM 1
(holds mechanical spare parts for
the relays)
- set of spare parts SPA-ZM 3

(holds semicenductor spare parts
and electromechanical spare parts
for the relays)

-~ electronics”’ voltage supervision unit SPA-2Z2H 1

31
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Dimensions and

instructions

for m

ocounting

The relay can be supplied with a case for flush meounting, for semi-flush moun-
ting or with a case for projecting mounting. Several relay plug-in units can also
be housed in a 19 inch subrack, which can be mounted in a 19 inch framework of
an instrument cabinet or flush—-mounted as the separate relay cases. All dimen-

sions are it mm.

Terminal arrangement

To the terminals of the cases
for flush mounting, semi-flush
mounting and projecting moun-
ting with rear connection and
to the terminals of the 19 inch
subrack one or more wires
with the cross section of 1,5
... 4 sgmm can be connected,
see fig. a. These cases are
all rear connected.

The case for projecting moun-
ting is front—-connected and the
terminals {max. 4 sqgmm) are ar-
ranged at the base of the case
on the upper and lower side of
the case, see fig. b.

Case for flush mounting
Case type: SPAJ-ZK 7
Mass of the case: 3, 4 kg

When the terminals of the re-
lay case are to be protected
against accidental touch,
please refer to the terminal
protection set type SPA-ZX 7.

Case for semi~flush mounting

The case for flush mounting
type SPAJ-ZK 7 is provided
with a sleeve type SPA-ZX 2
or type SPA-_ZX 10 and their
corresponding mounting brack-
ets.

Sleeve type a b
SPA-ZX 2 194 62
SPA-ZX 10 154 102

When required, please refer
to the terminal protection set
type SPA-ZX 7.

Fig. b
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Case type: SPAJ-ZK 8
Mass of the case: 4, 4 kg

The block terminals of the relay
case are to be found under covers
in the upper and lower edge of the
mounting socket.

Case for projecting mounting with

Case type: SPAJ-ZK 7
Mass of the case: 3,4 kg

The relay case for flush mounting
can also be used for projecting
mounting, if rear connection is
required. The panel cut-out is
illustrated in the adjacent figure.

When the terminals are to be pro-
tected, please refer to the termi-

nal protection set type SPA-ZX 2,

19 inch relay subrack
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Several protective relays can be enhoused in a common relay case, i.e, a 19 inch
relay subrack. This is mainly used, when the protective relays are mounted in
19 inch instrument cabinets according te the IEC Publication 297,

The 19 inch subrack can also be applied for flush mounting or semi-flush moun-
ting, please refer to separate description file No. 34 SPA 21 EN 1.

Information required with order

. Amount and type of relay

1

2. Amount and type of relay case
3. Ratings

4. Auxiliary supply voltage

5. Accessories

6. Special requirements

Example

10 pces relay type SPAJ 3R5 J6

10 pces relay case type SPAJ-ZK 7
Iy=5 A, fy =50 Hz

48 V/ d.c.

E.g. 10 pces electronics” voltage monitor
type SPA-ZH 1
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Appendix 1

Motor starting time measurement

For determining the motor protection relay settings, the starting time of the mo-
tor in the concerned application is to be known.

The starting time of the motor to be protected can be measured using the starting
output relay of the motor protection relay overcurrent unit and a timer or clock
with start/stop function, or with the relay test set SXPA 260A120 N1. The mea-
surement is based on the function of the starting output refay, which picks up,

as the motor starting current exceeds the low current setting | > and drops out,
as the starting current goes beiow the setting | =,

A principle connection for the starting time measurement, when using the relay
test set SXPA 260A120 N1, is illustrated in fig. 1. The timer of the relay test
set is controlled by the N.O. starting contact A11-A15 of the motor protection
relay.

The measurement is to be performed with the motor stressed according to the
most demanding requirements, that might be appiied to the drive during normal
service. The motor load, the supply voltage level and other lcads of the supply
network must be noticed.

For measuring the starting time, the low current stage of the overcurrent unit
is set for 3 x the motor rated current lpyy- The starting time measurement is
started by closing the starting switch of the relay test set. The motor starting
current makes the starting output relay to pick up, which starts the timer. The
timer runs, until the starting output relay drops out.

The starting time of the motor can also be roughly measured with a hand opera-
ted timer, if an indicator lamp is connected to the starting output contact,

Stort Stop
selechon , selection
1
' !
* ! ,
\ .
l --
Sturhng
switch Tlmer
\ SXPA 260A120 N1 ) | lj[jl:]t]f,}lj
! Eal RAARNAA

0 |

T A B T L BT
DA A5 A2 MG AT AT AB,0BTT mgmms 810, snAI:. Rt pib e gt ans

M
I~
g
Fig. 1. Principle connection for measuring the starting time of a motor by means

of the relay test set SXPA 260A120 N1
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Method for determining the time-constants Ty and Tg and the

weighting factor K for motors and generators

The thermal replica, formed by the motor protection relay, is mathematically de-
fined by the expression (1) below. The expression consists of a product of two
terms, one is the relative load current of the motor squared, (I/IMN)Z, and the
other a double exponential function with the time-constants T and Ty. The doub-
le exponential function consists of two simple exponential functions, with their
own time-constants, and these exponential functions are superponed {= added
graphically) in the thermal unit of the motor protection relay. Before the expo-
nential functions are added, they are given a relative weight by means of the
weighting factor K. As the time-constants T and T4 are adjustable within wide
ranges and as the relative importance of the separate simple exponential func-
tions can be determined by the setting K, the thermal characteristic of the over—
load unit can be set very close to the characteristic of any motor or generator.
The expression (1) is based on the physical reality, that the heating curve of a
rotating machine does not follow a simple exponential function, but shows anoma-
lism, because the flow of heat in a machine is determined by a great number of
thermal resistances, i.e. time-constants. In the motor protection relay, these
time-constants have been substituted with two time-constants, which both are
adjustable. In practice two time-constants already render a perfect replica of
the thermal behaviour of a protected object. Mathematically the characteristic
of the thermal overioad unit of the motor protection relay is defined by the ex-
pression (1):

2 —t/T ~t/T

3 1 2
—9._N(I_[—) KA{1 -e )+ {1 =K} {1 -e ):l (1)
N MN
-;eﬁ-— = relative heating of the protected object

N
T—I— = relative load current of the protected object
MN

K = weighting factor

t = integrating time
T = shorter time-constant
To = |onger time-—constant

The time-constants T1 and Tq and the weighting factor K can be extracted by
graphical means, either from a heating curve for the protected object or from a
curve, based on the overcurrent/time characteristic of the protected object.

When the time-constants T3 and T, and the weighting factor K are determined
from a measured heating curve of the protected object, the heating curve is at
first corrected by eliminating possible faults in the curve, caused by the inaccu-
racy of the measuring principle, used for obtaining the heating curve. The cor-
rected heating curve is then reversed in order to obtain a simplification of the
graphical manipulation. The curve is reversed by constituting the highest point
on the curve to be the reference value and from this value all other points on
the heating curve are subtracted one by one. The new points, obtained from the
subtractions, are plotted on a semi-logarithmic paper, with the vertical heating
axis being logarithmic and the horizontal time axis being linear. Through the
points plotted, a new heating curve is drawn and this curve is used for extrac-
ting the time-constants and the weighting factor,

When the time-constants 11 and T3 and the weighting factor K are to be extrac-

ted from an overload curve, based on the overcurrent/time characteristic of the
protected object, the process is started by constructing the cur‘rent/time curve.
The overlocadability of a motor or generator is often given in the form of a table,
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which states certain overcurrent levels and the corresponding periods of time,
for which the protected object is able to withstand the overcurrent without da-
mage, see table 1 on page 37. The overioad curve is consiructed by means of the
expression (2), in which the overcurr‘ent/time pairs are inserted one by one. The
points, defined in this way, are plotted on a semi-logarithmic paper, the verti-
cal f (t} axis being logarithmic and the horizontal time axis being linear. The
expression {2) has the form:

5 2
f(t)=1-(ﬁ)-(.}%‘_§_) , where (2)

[~

relative tripping heating level defined by the manufacturer of the motor/
q‘}N generator

relative overcurrent of the motor /generator

o~ —
)

-
I

overload time

The overload curve, constructed by means of expression (2), has the same form
as the heating curve of the protected object, as the heating of the protected ob-
ject is proportional to the square of the load current.

Regardless of how the heating curve of the protected object is obtained, it is
regarded as double exponential function, which can be split up in two simple ex-
ponential functions. The heating curve $# obtained is split up in two simple hea-
i1ing curves 8K1 and n‘:‘th. The curve 'SK‘I comprises the initial curved part of the
basic curve % and the curve SKy comprises the final straight part of the basic
curve 9, see fig. 1 on page 38. The curve S, is always a straight line, when
drawn on a semi-logarithmic paper, although it sometimes must be constructed
using the smallest quadrature sum method. All points on the final part of the ba-
sic curve do not always fall on a straight line. This depends on the fact, that

a heating curve of a motor or a generator in practice is composed of a sum of
more tham two simple exponential functions, as was presumed. The presumption
made does not, however, cause any remarkable inaccuracy to the settings of the
thermal overload relay. If the initial part of the curve ¥k is notably curved, the
curve Hcp should be drawn with care, in order to avoid points of the curve CIVE
being included in the curve '8K2- The curve "SKZ continues straight forward to
the vertical axis of the co-ordinate system. The curve '9K1 is obtained by sub-
tracting graphically the curve 9o from the basic heating curve Y, point by
point. From the relay setting point of view a sufficient accuracy for the curve
%<1 is obtained, when the curve GKI is drawhn as a straight iine between the
two points defined, %K - %Kz on the vertical axis and the point on the horizontal
axis, corresponding to the point §ic — Bkg = 0, i.e. the point where €, and Sip
join each other.

The longer time constant Ty is determined from the curve . The maximum
value of %KZ! i.e. @’KZ’ is divided by e = 2,718... and from the so defined point
on the vertical axis, a horizontal line is drawn, until the point of interception
is obtained with the curve GK . The horizontal co-ordinate of this point of in-
terception is equal to the longer time-constant To.

The shorter time constant Ty is determined from the curve ”SKI' The method for
obtaining T is the same as above described for T2, i.e. the value @K1/e is cal-
culated and the point %K - @'Kl/e =0 on the curve K1 is projected against the
horizontal axis, on which the shorter time-constant T is to be read.

The weighting factor is determined as follows. If the setting caiculations are
based on a list, defining the overcurrent/time characteristic of the protected
object, which by means of expression (2) has been transformed into an overlocad-
ability curve, the weighting factor is easily obtained. In this case the weighting
factor K is simply equal to the maximum value of the curve BK], i.e. K =72k
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If the selting calculations are based on a real heating curve for the protected
object, the weighting factor K is defined:

-8
K o= .A_K_I_ (3)
’\CJ\K )
i.e. the ratio between the maximum values of the curves 9,y and B, see fig. 1
on page 38.

The smallest value of the time-constant Ty, that can be set on the overload unit,
is 2 min. If the value of T, calculated above, falls out to be <2 min, the setting
Tq on the thermal unit is set equal to 2 min, but simuttaneously the weighting fac-
tor K is given a value slightly higher than what has been calculated. In this way
the shorter time-constant is given a higher intensity in order to compensate too
high a setting of Tq.

The cooling characteristic of the thermat unit also follows the settings given to
the unit.

Example 1: The settings of the thermal overload unit derived from the overcur-—
rent/time characteristic of an asynchronous motor

In the example the time-constants T and Tg and the weighting factor K are de-
rived from the overcurrent/time information of the motor, given in table 1 below.
The function f {t), accerding to expression {2} on page 36, is also calculated and
listed in table 1. Fig. 1 on page 38 shows the graph of the function f {t), which
conforms with the heating curve S‘K. From this curve the simple curves SKI and
B p have been constructed. From these curves the time-constants T and T, and
the weighting factor K are determined. The thermal tripping level, recommended

by the mator manufacturer, in this exampte, is '91_ =1,0 x SN.
/1N t/min f(t)
3,00 1 0, 89 Table 1.
2,25 2 0, 80 The overcurrent/time characteristic of
1, 80 4 0, 69 an induction motor in the form of a list of
1, €0 6 0, 61 associated current and time values. The
1,53 8 0, 57 corresponding points of the function f {t),
1,47 10 0, 54 defined on page 36, are also inciuded in
1,33 20 0,43 the list.
1,25 30 0, 36
1,20 40 0, 31
1,15 60 0, 24

The shorter time-constant T

The shorter time-constant Tg is derived from the curve By in fig. 1. The maxi-

mum value of BK] is 'SKI = 0, 45. The vertical co-ordinate for the point on 'SK]’
which defines the time-constant Ty, is:
@K] - .45 ~ 0, 165 hich corresponds to T7 =~ 4,0 mi

= 771 ) w rresponds to T4 , 0 min

The longer time-constant Ty

The longer time-constant T, is derived from the curve "9K2 in fig. 1. The maxi-
mum value of Sg is Sy = 0, 55. The vertical co-ordinate for the point on B
which defines the time-constant T4, is:

=~ 0,20 which corresponds to Tg = 72 min
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The weighting factor K

The weighting factor K is derived from the curve "SKI in fig. 1. In this case, as
the calculations are based on the overcurrent/time characteristic of the protec-
ted object, the weighting factor K is equal to the maximum value of the curve
’SK-l, i.e. K = ’SK] = 0, 45.

3k
3
; =g o
A\ 7
\"_‘2“:0'55 £ Ty~ 72 min
\\“— ‘\3'|(1 = 0,45
~JT =~ Lmin /
\—~ w1 . lo.16 %mzo
0.10 \ €
AY
\
\
\
K\—‘am
0,010 \
) Y
\
\
A
\
0,001 -
0 10 20 30 L0 50 60 70 tﬁnm

Fig. 1. Determination of the time-constants Ty and Tg and the weighting factor
K for the induction motor in example 1, The thermal behaviour of the
motor was specified through a list, stating the permitted overcurrents
for the motor for specified periods of time.
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Example 2: The settings of the thermal overload unit derived from a heating
curve for the asynchronous motor

The time-constants T1 and Ty and the weighting factor K are derived from a hea-
ting curve of the motor. The heating curve has been measured using thermo-
couples, located in the end of the stator windings, on the surface of the insula-
ting material. The heating curve is illustrated in fig. 2. Measuring errors, cau-
sed by the insulation and the thermo-couples themselves, are eliminated from
the curve. In fig. 3 on page 40 the curve is reversed and drawn on a semi-loga-
rithmic paper. That is, from the maximum heating level %4 in fig. 2 all the other
points of the heating curve %K are subtracted one by one, and the hew points,
obtained after the subtractions, are plotted on a semi-logarithmic paper, and
the curve SK in fig. 3 s obtained. This curve is split up in two simple curves,
GKI and SKZ’ as described earlier. The time-constants Ty and T, are calcula-
ted as in example 1. The weighting factor is calculated by means of expression
(3) on page 37.

In example 2, the shorter time-constant Ty & 2 min, the longer time-constant Ty
= 60 min and the weighting factor K = 0, 4,

e/c

9,=62°cl
* 760
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Fig. 2. The measured and corrected heating curve %K of the motor in example 2
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Fig. 3. Determination of the time-constants Ty and 1y and the weighting factor
K for use as set values for the thermal overload unit of the motor pro-
tection relay of the induction moter in example 2. The settings are in

this case derived from a measured heating curve for the motor to be

protected. .



