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different commercial proprietary right is registered. Improper use, in particular repro-
duction and dissemination to third parties, is not permitted.

This document has been carefully checked. if the user nevertheless detects any er-
rors, he is asked to notify us as soon as possible.

The data contained in this manual is intended solely for the product description and is
not to be deemed to be a statement of guaranteed properties. In the interests of our
customers, we constantly seek to ensure that our products are developed to the latest
technological standards.

As aresult, it is possible that there may be some differences between the hard-
ware/software product and this information product.

CE Conformity Declaration

The product ,, Multifunctional Protection and Bay Control Unit REF542plus” is de-
signed and manufactured complying to the corresponding international standards of
the series EN 50081, EN 50082 for EMC-Guidelines and EN 60255-6 for Low Voltage
Directive of the European Parliament and Council
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Introduction

This part of the manual for the multifunctional protection and switchbay control unit
REF542plus primarily focuses on the integrated motor protection functions. section
and its subsections contain information on:

= The basic principle of functioning
= Setting of the parameters

= Representation of the tripping characteristic
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2 Abbreviations and Definitions
In the following the abbreviations and definitions used in thid manual are listed.
2.1 Abbreviations
AIS Air Isolated Switchgear
AR Auto Reclosure
CT Current Transformer
DFT Discrete Fourier Transformation
EMC Electro Magnetic Compatibility
FUPLA FUnktionblock Programming LAnguage
GIS Gas Isolated Switchgear
HMI Human Machine Interface
LCD Liquid Crystal Display
LED Light Emitting Diode
LAG Lon Application Guide
LV Low Voltage
MC Micro Controller
PC Personal Computer
RHMI Remote Human Machine Interface, the same meaning as HMI
VDEW Association of German Electrical Utilities
2.2 Definitions
There are notes and warnings on hazards at the beginning of every section and also
in the text. They are in a different font to distinguish them from normal text.
The safety warnings must be observed in all circumstances. If they are not observed,
no guarantee claims will be accepted.
Note
A note indicates items that are significant in the specific context. A note may contain
information on the interplay of various software components and appears as shown
below.
Example:
Note Please read this section completely for information on the various formats for safety

1VTA100114-Rev. 05 en
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notes.
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Hazard information level 1

Level 1 hazard information indicates hazards affecting substations and devices. It
should always be observed, because otherwise function interruptions or malfunctions
may occur. An example is shown below:

Do not make any changes to the FUPLA unless you are familiar with the
REF542plus and the configuration software

Hazard information level 2

Level 2 hazard information indicates hazards affecting life and limb. It must be ob-
served to avoid injury to the operator or other personnel.

Example:

Never attempt to remove the protection covers on the bus bars by force.

PTMV, 01.07.05 Motorprotection 8/66
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Motor protection functions

Overloading conditions cause impermissible temperature rises in motors and may re-
sult in premature fatigue and aging. If this type of condition persists, thermal destruc-
tion of the components cannot be excluded.

With regard to the protection functions, a distinction has to be made between over-
loads caused by starting processes and overloads occurring during operation. During
starting, both in the winding of the rotor and in the winding of the stator, currents may
be present that are well above regular on-load currents. A fast tripping must be gen-
erated in case a disturbance does occur during startup, for instance, in the event of a
rotor block or motor start under heavy load condition. In order to prevent overloading
conditions, also the number of starts needs to be limited.

While the motor is running, overloads may occur as a result of the working loads. For
monitoring such operating conditions, the temperature is calculated on the basis of a
thermal model.

For motor protection purposes, the REF542plus field control and protection device
therefore includes the following functions:

During the starting process
= Blocking rotor protection
= Motor start protection

= Number of starts protection

During operation
= Thermal overload protection

= Unbalanced load protection or optionally a simple positive sequence monitoring

In all cases, the momentary motor temperature is crucial for the motor protection
functions. The REF542plus therefore uses a common thermal replica of the first order
for determining the motor temperature. Consequently, decisions can be taken by all
applied protection functions, depending on the momentary value of the calculated mo-
tor temperature.

The thermal replica referred to above is started immediately, as soon as the current
flows through the motor windings. Thus, the motor protection in the REF542plus is
designed as an thermal overload protection with a total memory function in accor-
dance with standard IEC 60255 — 8 [DIN1], since a previous loading condition is al-
ways taken into consideration and is being tracked by the thermal replica.

Unbalanced load protection is provided as a phase failure protection caused by an
open-circuit condition (broken phase connection). This type of protection enables
monitoring of the negative-sequence component which causes a temperature rise in
the laminated core of the rotor. Optionally, in case of small motors a simple positive
sequence monitoring function can be applied instead.

PTMV, 01.07.05 Motorprotection 10/ 66
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4.1

4.1.1

4.1.2

Supervision of a blocking rotor

When the rotor is blocked, the current in the motor increases and is determined by
the starting current which magnitude is a multiple of the rated motor current. In order
to prevent a thermal overload, a fast tripping must be generated. The blocking rotor is
supervised by a special, overcurrent definite time protection function which generates
a tripping signal with settable delay as soon as an adjustable current threshold is ex-
ceeded.

Setting parameters
For operation, the parameters need to be set as shown below:

Blocking-Rotor §|

General] Sensory  Parameters ] Pits ]

Mominal Motor Current ([ ; 1.000 0.200.. 2.000%In
Farameter Set Set Set 2

Start Walue [15] : 5.000 1.000 1.000 . 20,000 * IkMn
Time 5000 10000 40 .. 30000 ms

ak | Cancel

Figure 1: Parameter settings for monitoring the rotor blocking

Where:

IMn Nominal motor current, related to the nominal current In of the cur-
rent transformer or current sensor

Start value Threshold value, related to the nominal motor current IMn

Time Tripping time in ms.

As soon as the start value for the current during the starting process is exceeded, the
time for generating the trip is started. The start value is specified in the manufacturer's
data sheet for the current in case of blocked rotor. The time for the tripping can be set
to approximately to the permissible blocking time. If a sensor for detecting the rotor
movement is available, the signal can be used for blocking this protection function.

Functional check

For checking the blocking rotor monitoring functions, it is recommended to use single-
or three-phase testing equipment. By varying the test current it is possible to observe
the generation of the start signal and, after the preset time has expired, the tripping
signal.

PTMV, 01.07.05 Motorprotection 11/66
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4.2

421

Motor start protection

Overloading of the motor may occurred if the duration of the starting process is ex-
tended due to heavy load condition. The startup behavior is impacted by the con-
nected load. Such overloads are normally more critical for the rotor (rotor-critical mo-
tors) than for the stator. Manufacturers of the motor usually specify a permissible cur-
rent / time starting integral I T for their motors. Alternatively, a special note may indi-
cate the magnitude of the maximum permissible starting current and the maximum
permissible starting time.

The current/time starting integral is proportional to the thermal short-time loading of
the motor. It is derived by integrating the current curve i(t) into the time interval from 0
to Tstarting:

TStarting
12.T= [ i)t 1)
0
Where
I: Admissible starting current
T: Admissible duration of the motor start
i(t): Current as a function of time t

In order to simplify the calculation process, it is assumed that the starting current dur-
ing heavy startup until the generation of the fast tripping is constant. Under this condi-
tion, the above equation can be approximated by the equation below:

|2 T = Iétarting TStarting 2)
where:

Istarting Motor startup current

Tstarting Motor startup time

The motor start protection function in the REF542plus can therefore supervised the
motor startup behavior for temperature overload conditions using the calculation
method based on equation (2). The current/time starting integral is calculated as soon
as the preset response value of the starting current is exceeded within the first

100 ms during the motor starting process. The tripping signal is generated if the cur-
rent/time starting integral exceeds the specified value of I* T.

A startup is registered if the motor current changes from values below 0.10 of the
rated motor current up to values above the preset threshold value of the starting cur-
rent within 100 ms.. The starting signal is reset again as soon as the motor current
falls below the preset threshold value of the starting current. If the motor current drops
below 0.10 of the rated motor current, the motor is assumed to be at standstill. This
definition is necessary for determining the thermal model later.

Setting parameters

For operation, the parameters need to be set as shown below the following illustra-
tion:

PTMV, 01.07.05 Motorprotection 12/ 66
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Motor-Start-Protection g|
General] Sensors  Parameters ] Pinz ]
Mominal Motor Current ([ ; 1.000 0.200.. 2.000%In
Parameter Set Set 1 Set 2
Start Walue [15] : 5.000 7.0on 1.000 . 20,000 * IkMn
Tirme 5000 5000 40 .. 300000 ms
totar Start (k2] : 0200 0200 0200, 0,800 |z
Ok | Cancel
Figure 2: Setting parameters for motor start protection
Where:
IMn nominal motor current
Start value Is start current value, related to the nominal motor current, as a
measure for the permissible temperature rise
Time permissible time for determination of the current/time starting

integral

Motor start (IMs) the setting for detecting a starting process, related to the
start value Is

In the following example, it is assumed that the blocking current of the motor corre-
sponds to a 6-fold nominal motor current and that the permissible blocking time is 5
sec. Generally, the blocking current can be assumed to be identical with the starting
current under heavy load condition. In this case, the starting value is set to 6 IMn
(nominal motor current) and the time is set to 5000 ms. The startup is supervised
based on the setting for motor startup, e.g. 0.8 as shown in figure 2. As soon as a
starting current is detected, the protection function for motor startup monitoring is
started and the current/time starting integral is calculated. The tripping time depends
on the magnitude of the actual starting current.

If, in the example above, a starting current of a 0.8 starting value Is is assumed, the
starting current will be 0.8 x 6 = 4,8 of the rated motor current IMn. A tripping signal is
generated after a time of

6°5
t= > S=17.81s
4.8
PTMV, 01.07.05 Motorprotection 13/66
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4.2.2

Tripping characteristic

The tripping characteristic for the motor start protection function can be approximated
in a simplified approach through equation (3). The current of blocked motor can be
assumed as the same for the starting current. The permissible startup time can be
calculated accordingly from the blocking time. The following curve shows the tripping
of the motor startup monitoring at t61B equal to 5sec, as a function of I/lg where I
represents the basic current or the rated motor current respectively. The tripping
characteristic is mostly defined by the expression of t61B. This way, it is possible to
calculate the tripping time as follows:

(' )2 t =62 5s respectively t = 365 s = 180 s
& AR,

Motor Start Protection

1000

100
7]
£
(]
£

[ \
10
1
1 2 3 4 5 6 7 8 9 10
/1B
—— Operation time in s

Figure 3: Tripping characteristic for motor startup monitoring for t61B = 5sec

The table below gives an overview of the times relevant to the tripping characteristics
of the motor startup monitoring.

PTMV, 01.07.05 Motorprotection 14/ 66
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4.2.3

4.3

Table 1: Tripping time of the motor startup monitoring for t61B=5s.

I/lg Tripping time in s
1,00 180,00
1,50 80,00
2,00 45,00
2,50 28,80
3,00 20,00
4,00 11,25
5,00 7,20
6,00 5,00
7,00 3,67
8,00 2,81
9,00 2,22

10,00 1,80

Functional check

For checking the motor startup monitoring function, it is recommended to use single-
or three-phase testing equipment. By varying the test current it is possible to detect
the generation of the triggering signal and, after expiration of the time defined by the
tripping characteristic, the tripping as well. The tripping time is independent upon sin-
gle-phase or three-phase current injection.

Number of starts protection

As a part of the motor protection function, the number of starts protection shall moni-
tor the startups. In this context, a distinction is made between cold starts and warm
starts. To detect the number of start, the start signal of above mentioned function
blocks “Block Rotor” and “Motor Start” can be combined together in logical OR func-
tion and connected to the input Sl. If the signal on this input changes from 0> 1, the
counter will be incremented. The status of the counter will be taken over to the num-
ber of warm start, if the temperature of the motor according to the thermal overload
protection is exceeded. The permissible numbers of which are normally specified by
the motor manufacturer. If this is not the case, it is normally to be assumed for 2 cold
starts and 1 warm start.

Whether the start is a cold start or a warm start depends on the result calculated for
the thermal replica. The temperature from which on the starts are interpreted as warm
restarts can be parameterized. If the calculated temperature is below this value, a
cold start is assumed.

Moreover, a reset time is parameterized in order to obtain the following results:

= If the startup has been successful only a number of permissible attempts, the
number of starts counted is set back by one (minus one) after the reset time
(cooling-off time) has expired.

=  When the number of preset starts has been reached, the protection function en-
ters the so called start status (START output). This signal can be used to block a
restart of the motor. After the reset time is expired, the number of start counter
will be decremented and enable the motor start again.

= If there is another startup, the protection function will generate a trip signal imme-
diately. The trip signal (TRIP output) will be pending until the reset time has ex-
pired.

PTMV, 01.07.05 Motorprotection 15/ 66
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4.3.1 Setting parameters

For operation purposes, the parameters need to be set as shown below:

Mumber of Starts gl

General Parameters]pins ]

Farameter Set Setd Set 2

b ax Hum. of Warm Starts [Mws] : |1— ,1— 1.10
MaxMum. of Cold Starts Nesl: — [2 ]2 1.10

Fresset Time (trst] [Tooo [1000 100, 7200.00s
Wamm Start Temp. Threshold (Twsl  [140 [140 20, 200°C

ak | Cancel

Figure 4: Setting parameters for thermal protection

Where:
Nws Permissible number of starts in warm condition
Ncs Permissible number of starts in cold condition

Reset time (trst)  Time to decrement the counter

Tws Warm start temperature threshold

The settings should be, in accordance to today standard, provided for 1 warm start
and 2 cold starts. The temperatures for warm motor condition can be specified at 90%
of the thermal capacity contents of the motor. The thermal capacity content of the mo-
tor, in turn, depends on the setting of the thermal overload protection.

The thermal capacity content is determined by the setting in the thermal overload pro-
tection function. For instance, if the settings of this protection function are such that
the environment temperature is selected to be 40°C and the rated motor temperature
is set to 130°C, the entire thermal memory contents is determined by the difference
between these two temperatures. Thus, 90°C corresponds to thermal memory con-
tents of 100%. If the warm condition has been defined to be 90% of the thermal
memory contents, the temperature for the warm start of the motor needs to be set to

(0.9 x 90°C) + 40°C = 121 °C

If according to the “old” Standard the number of start should be set to be 3 cold-start
and 2 warm-start, so the temperature limit for the warm condition should be set ac-
cordingly. In general the temperature limit can be calculated for 50 to 60% of the
thermal memory. After the first start, the motor temperature should then reach the
warm condition of the motor.

PTMV, 01.07.05 Motorprotection 16 / 66
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4.3.2

4.4

Functional check

For checking the function of this monitoring the number of starts, it is recommended
to use single- or three-phase testing equipment for load simulation in the thermal pro-
tection function. Dependent on the temperature calculated by the thermal protection,
the number of starts in cold condition or in warm condition can be tested. The func-
tional check of the thermal protection is described in the following paragraph.

Thermal overload protection

For motor protection, the thermal overload protection based on the thermal replica is
one of the major functions for supervising the motor for temperature violations on ac-
count of overloads during operation. In the REF542plus, a thermal replica with a total
memory function has been implemented in accordance with the applicable standard
[DIN1]. In the following, the thermal replica and the setting options are dealt with.

For simulating the temperature rise in the motor, a thermal homogenous-body model
with losses is assumed. The figure 5 below illustrates the principle of the model.

Thermal
Energy

Thermal Storage

(Memory) Thermal Loss

Figure 5: Thermal homogenous-body model with losses

On account of the loads present during the operation conditions, the load current in
the motor can be taken as a measure for the quantity of energy, which feed the tem-
perature rise in the motor. The size of the thermal energy is proportional to the square
value of the load current. Due to the existing motor cooling a portion of the thermal
energy will be discharged in the form of energy loss. The rest of the thermal energy is
stored in the motor. The size of the stored energy is proportional to the motor tem-
perature.

For calculating the motor temperature, the above-mentioned thermal model can be
simulated by a simple electrical circuit. The next figure shows the circuit diagram.

— |

Figure 6: Circuit diagram for determining the motor temperature

From the circuit diagram, the following analogy is obtained:
= The energy flow is proportional to charging current for the capacitor

= The thermal capacity is simulated by capacitor C

PTMV, 01.07.05 Motorprotection 17 /66
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= The heat losses is represented by resistor R

During charging, a voltage is present at the capacitor. The capacitor voltage is again
proportional to the motor temperature. The voltage characteristic can be determined
based on the equation below:

ut) =it R(@L-e %) +i, Re /" @)

Where:

u(t) Voltage characteristic as a function of time,

t Time

i(t)y  Charging current characteristic as a function of time
R Resistor

T Time constant resulting from the product of R and C

ip Biasing current before the charging process

The time constant for the time-related voltage variation is determined by the capacitor
and the resistor. In accordance with the analogy mentioned above, it is possible to
equate the voltage characteristic with the temperature, the charging current with the
amount of thermal energy supplied, and the biasing current with the heat condition
before the temperature rise. This leads to the equation below for determining the
temperature characteristic:

AY(t) = A19(E)(1—e’%)+AL9p e’% (5.

Where:

AS(E) Time-_related characteristic of the temperature change during tempera-
ture rise

t Time

E Heat energy supplied

AY, _State of the temperature before temperature rise as a result of preload-
ing

After a transformation, the time required until a certain temperature A3 (t) is reached
can be determined as follows:

AY(E)-AY,

t=rln— 2 —P_
AJ(E) - AJ(t)

(6.)

Since the temperature resulting from the temperature rise depends on the amount of
thermal energy supplied - which, in turn, is square-proportional to the current in the
motor - the above equation can be rewritten for the rated motor current like this:
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2
( | j 3, -39,
I -4
t=rln>M2 San =5 7.)
I g -9,
IMn lgMn - lgu
Where:
I Actual loading current in the motor
Iun  Nominal motor current as a reference variable
9 Initial temperature due to preloading
3y Ambient temperature as a reference variable
9vn  Rated motor temperature when loaded with rated current
9 Motor temperature reached after a certain time span
In the applicable standard [DIN1], the characteristic is specified by the equation be-
low:
12 -2
t=riIn—0—P2 (8.
2 2
1< —(klg)
where
I Loading current in the motor
lp Preloading current in the motor
I Basic current or rated current of the motor
k Overload constant within a range of 1 to 1.2
Equation (7) can be transformed and related to the basic or nominal current of the
motor:
2 2
1) (e
IB IB
t= In2— 9.
I
— | —k?
IB
As a result, equation (6) and (8) indicate that the setting for constant
4 -3
k = /4 (10.)
‘9Mn - ISlu
can be derived from the setting for the temperatures. The temperature setting is a
measure for the thermal capacity. The denominator in the root equation above is
equal to the nominal capacity contents under nominal operation condition of the mo-
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tor. The numerator is identical to the extended thermal capacity of the motor for trip-
ping and only allowed for a very short time duration..

4.4.1 Setting parameters

For operation purposes, the parameters need to be set as shown below:

Thermal-Overload

General] Sensory  Parameters ] F'arameters] Fins ]

%]

Farameter Set Setl Set 2
Mominal Motor Temperature [Thn) 140 100 A0 .. 400 deg.C
Mominal Motar Current (IMn] ; 1.000 1.000 0100, 500010
Initial Temperature [Tini ; a0 a0 10.. 400 deg.C
Time Constant Off [ < 0.1 [kn) : L] RO0 10100000 =
Time Constant Marmal
(01 1Mn <=1 <= 2 IMr] 2y 20 10... 20000 ¢
Time Constant Overheat [| » 2IMn) s00 s00 10, 20000 s
ak | Cancel | |

Thermal-Overload @

General] Sensnrs] Parameters Parameters ] Pl ]

Farameter Set Set1 Set 2

Trip Temperature [Tip) : |1 a4 |1 oo 50 .. 400 deq.C

"Warning Temperature [Twarn) ; |‘I B1 |1 on A0 .. 400 deg.C

Ervironment Temperature [Teny] |4D |2EI 10.. 50 deg.C

Reset Temperature [Trst] : |40 [100 10 .. 400 deq.C
’Tl Cancel Apply

Figure 7: Setting parameters for thermal protection
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4411

Where:

TMn Nominal motor temperature (permissible operating temperature)

IMn Nominal motor current referred to the nominal current of the cur-
rent transformer

Tini Initial temperature of the thermal memory after switching on the
auxiliary voltage .

TCOff Cooling-off time constant at | < 0.1 IMn (motor at standstill)

TCNormal Time constant at 0.1 IMn < | < 2 IMn (motor in normal operation)

TCOverheat Time constant at | > 2 IMn (motor during startup/accelerating)

Ttrip Temperature for tripping

Twarn Temperature for warning

Tenv Environment temperature

Trst Temperature after resetting the function

Setting the time constant:

For setting the time constant, it is assumed that the motor is rotor-critical. Further-
more, it is assumed that the preset thermal capacity has been reached if, after expira-
tion of the blocking time, the cold motor still remains rotor-locked. Therefore, equation
(9) delivers the following relationship:

7= te(cold) (11.1)
i (a/vn)®
(Ia /lvn)? —k?
where:
T Heating time constant to be calculated for rotor-critical motors and which
can be equated to the setting for "TCOverheat"
te (cold) Permissible maximum blocking time for cold motor condition
1A Blocking current or maximum starting current
IMn Nominal motor current
k Overload constant which

If according to the latest standard the blocking time of the motor in warm condition is
given, then the calculation can be done according to the following equation:

t. (warm)
T= 5 (11.2)
In (Ia/lwn)” -1
(a/lun)® —K?

According to the standard the warm condition is defined, if the motor reach the steady
state condition during the operation with the nominal motor current. That is why the
preload condition is equal to 1.
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Thus, the value for TCOverheat (the time constant for motor operation at overload
above 2 times the rated motor current) can be calculated on the basis of equation
(11.1). The temperature rise time constant TCNormal for non-rotor-critical motors
could, in principle, be chosen larger than the above temperature rise time constant. If
this parameter is unknown, however, the same value can be set, as it is safe to ex-
pect a timely tripping in this case. As experience has shown, the cooling-off time con-
stant while the motor is at zero rotation TCOff should be set within 3 times to 5 times
the value of TCNormal.

Setting the temperature

After the time constants have been determined, the thermal capacity needs to be de-
fined. For this purpose, it is necessary to define the maximum overtemperature for the
thermal memory respectively thermal capacity. According to [DIN1, DIN2] the condi-
tion for the environment temperature for operation is 40°C. The maximum overtem-
perature K for normal operation or the temperature of operation under nominal condi-
tion respectively, is given by the corresponding thermal class and the temperature
class according to the following table 2.

Table 2: Maximum overtemperature in K during normal operation at 40°C ambient temperature

Thermal Class | Temperature Class

T1 T2 T3 T4 T5 T6
A 50 50 50 50 50 40
E 65 65 65 65 65 40
B 70 70 70 70 70 40
F 90 90 90 90 55 40
H 115 115 115 90 55 40

If, for example, a motor with a thermal class F and a temperature class T3 is certified,
so the allowable maximum overtemperature is according to the table above 90°K. As
a consequence, the environment temperature 3y respectively Tenv of the thermal
protection function must be set to 40°C and the nominal or rated temperature TMn
9wun to 130°C. The difference of above temperature respectively the maximum over-
temperature of 90°K or 90°C is equal to 100% thermal capacity. In general the trip-
ping of the thermal protection may be set at thermal capacity greater then 100%. Ac-
cording to [DIN1] the constant k may be selected up to 1.2. Consequently the thermal
capacity of 144% may be 144% before the tripping of the thermal protection is gener-
ated.

Table 3: Maximum overtemperature in K during short time overload operation at 40°C
ambient temperature

Thermal Class | Temperature Class
T1 T2 T3 T4 T5 T6
A 120 120 120 90 55 40
E 135 135 135 90 55 40
B 145 145 145 90 55 40
F 170 170 155 90 55 40
H 195 195 155 90 55 40
PTMV, 01.07.05 Motorprotection 22166



Multifunction Protection and Switchgear Control unit REF542plus
Manual: Motor Protection with ATEX-Certification

1VTA100114-Rev. 05 en
Valid from Version V4D02

With help of tables 2 and 3, the value for setting constant (k) or the root of the ex-
tended memory contents can be calculated on the basis of equation (10) if the motor
is to be run up to limit temperature.

In the following example, it is assumed that the motor winding is of thermal class F
and of temperature class T1. The environment temperature is according to [DIN3] to
be set to 40°C. In accordance with table 2, the rated motor temperature is 130°C and,
in accordance with table 3, the limit temperature for the generation of the tripping sig-
nal is 210°C. Therefore the setting constant is

K — G 210-40
k= |t U =\/ =127 (12.)
Sun -9 V130-40
According to the standard the k-value shall be in the range of 1.0 to 1.2. This means,
that the thermal memory content should be set in the range of 100 to 144%.

In this example, the tripping is not supposed to occur at a limit temperature of 210 °C.
So a smaller setting constant k has to be chosen. For this example, the setting con-
stant k shall be set to 1.1. This will limit the increase of the memory contents to 121%.
Based on equation (10), the tripping temperature can be calculated: (1.21x90) °C +
40°C = 149°C. It is now possible to calculate the tripping time with the equation be-
low:

4

u

2
('J _ %%
IMn l9Mn - '9u
2
('J _Fwe — &
IMn lgMn - 19u
In this case, | is the instantaneous on-load current, IMn is the nominal motor current,
9, the temperature due to an assumed specific preloading, Sen is the environment

temperature, 3y, is the nominal motor temperature, and 3+gpp is the temperature
causing tripping.

t=rln (13.)

When the auxiliary voltage is switched on for the first time, the thermal replica will be-
gin to operate with a specified memory content which is determined by the setting for
T ini. This memory contents defined the preloading at this switching on momentary. It
is to be recommended to choose the setting for the warm condition of the motor within
a range of 80 ... 100% of the memory contents. For instance, with a setting of 90%
memory contents it is necessary firstly to determine the entire memory contents on
the basis of temperature settings TMn and Tenv.

Based on the above example, the thermal capacity is proportional to the temperature
difference of

130°C-40°C =90°C

In accordance with the above example, a thermal capacity preloading has to be set to
0.9 or 90%. As a result, the setting has to be

Tini = 40°C + 0,9(90°C) =121°C

If the auxiliary voltage is shut down, the instantaneous motor temperature is provided,
in that particular moment, with the absolute time of the built-in real-time clock and
saved in a non-volatile memory. Provided that the motor remains off during the failure
of the auxiliary voltage, a cooling-off of the motor is assumed with a time constant
TCOff. When the auxiliary voltage is recovered again, the entire outage time of the
auxiliary voltage will be determined based on the stored time data. It may be as-
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sumed that the real-time clock in the REF542plus will continue to run for a period of at
least 2 hours at the required accuracy.
The initial temperature for continuing the thermal monitoring of the motor is calculated
with the equation below:

. d
Tini = (Toff -Tenv) e T¢° + Tenv (14.)
Where:
Tini Initial temperature for continuing the calculation
Toff Temperature in the moment of the failure of the DC supply
Tenv Setting for the ambient temperature
td Duration of the power down of the auxiliary voltage
TCOff Setting for the cooling-off time constant after switching off the mo-
tor
4.4.1.3 Setting the temperature after reset
For functional testing purposes, another temperature setting "T rst* is provided. If a
reset signal is present at the input of the function block, the motor temperature is re-
set to the preset reset temperature.
For instance, if a tripping characteristic without preloading is to be checked, tempera-
ture setting T rst has to be equated to the setting of the environment temperature
T env. For checking a characteristic with 100% preloading (hot curves), temperature
setting T rst has to be set equal to the setting of the rated motor temperature T nom.
4.4.2 Tripping characteristic
The following paragraph deals with a tripping characteristic where the tripping time is
specified as 6 times the basic current Ig which is to be equated to the rated motor cur-
rent. In this context, it is assumed that the setting constant k is 1.1. This means that
with the above setting the setting constant for the memory contents is expanded to
121%.
In accordance with [DIN3], blocking time tz should not be below 5sec. Based on
equation 11.1, the setting of the time constant for the REF542plus is:
5s
T=—7——=1465s (15.)
36
n -
36-121

Tripping characteristics with a time constant t = 146sec corresponding to a setting of
tsis €qual to 5sec - without (cold curves) and with 100% preloading (hot curves) - are
illustrated below in graphic form. 100% preloading means that the motor operates un-
der nominal condition at rated current. If there is an overload, the motor can be
switched off quickly due to the fact that the thermal capacity contents or the rate of
the preloading is being taken into consideration.
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Thermal Overload Protection
1000,0
100,0
wn
£
) 10,0
=
E
1,0
0,1
1 2 3 4 5 6 7 8 9 10
/B
Time Constant 146s, 0% — — Time Constant 146s, 100%

Figure 8: Tripping characteristic for thermal protection at t = 146sec or tes = 5sec

If in contrary the blocking time in warm condition is stated, so the equation 11.2
should be applied:

5s
36-1
In| ———
36-121
The time constant can be, due to the applied thermal replica, very strong divergent

from the first one. In this case after 5s only 21% of the thermal capacity is filled. So
the time constant is around 6 times higher than the first one.

=830s (16.)

N
|
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The table below summarizes the times resulting for the tripping characteristic with and
without 100% preloading.
Table 4: Tripping time for thermal protection at tgg = 5sec or t = 146sec
I/lg 0% preloading 100% preloading
1,15 359,79 153,76
1,20 267,81 94,71
1,40 140,25 36,04
1,60 93,43 21,11
1,80 68,26 14,37
2,00 52,60 10,59
2,20 42,00 8,21
2,40 34,43 6,58
2,60 28,79 5,42
2,80 24,47 4,55
3,00 21,08 3,88
4,00 11,48 2,06
5,00 7,24 1,28
6,00 4,99 0,87
7,00 3,65 0,64
8,00 2,79 0,49
9,00 2,20 0,38
10,00 1,78 0,31
4.4.3 Functional check
For functional testing, we recommend to use three-phase testing equipment. If a func-
tional test is to be carried out with single-phase testing equipment, attention is to be
paid to the fact that the current has to be raised in order to achieve the same r.m.s.
value as with a three-phase system. For calculating the memory contents, the
REF542plus assumes that the root-mean-square value of the current in the individual
phases is present.
12, +15 +172
lyier (3POI) = | H—2—L 52 = a7.)
Where:
Imittel (3-pole) Root-mean-square value of the current causing the temperature
rise in a three-pole functional test
IL1 Current in conductor L1
ILo Current in conductor L2
I3 Current in conductor L3
Therefore, in a single-phase test equipment, a temperature rise at a current of is as-
sumed.
1%
IAverage (1p0|) = ? (18.)
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4.5

Where:

laverage (1-pole) Root-mean-square value of the current causing the temperature
rise in a single-pole functional test

IL1 Current in conductor L1,

Therefore in a single-phase test, the current

I(1pol) = 1(3pol ) /3 (19.

shall be increased by factor V3 in order to obtain a temperature rise that is compara-
ble to the one in a three-pole functional test.

Unbalanced load protection

The unbalanced load protection is intended to provide protection and monitoring of
electrical equipment against/for asymmetrical loading. Unbalance load protection is
mostly applied for protecting motors or generators.

The unbalanced load is calculated from the negative-phase-sequence component of
the three-phase conductor currents and has to be generated — in accordance with
the definitions given in the applicable regulations — on the basis of the relationship
between the current of the negative-phase-sequence component and the rated cur-
rent of the equipment that is to be protected. Since an unbalanced load leads to im-
permissible temperature rises in the laminated core of the rotor, it is necessary to
generate a tripping signal which is square-dependent on the unbalanced load in case
the permissible values are being exceeded. By means of the square-dependency, it is
possible to replica a temperature rise without losses (adiabatic curves). The tripping
time can be derived as follows:

K
|2 - Is
Where:
t Tripping time derived from the above temperature rise constant

K Temperature rise constant depending on the type of equipment
Iy Unbalanced load related to the rated current
ls Response value for monitoring impermissible temperature rises

When a tripping took place, it is usually advisable not to restart the motor immediately
after the trip. The unbalanced load protection in the REF542plus has therefore been
provided with the option to block motor reconnection by means of an output signal.
Within the blocking time, the memory contents is subjected to linear clearing for the
tripping time. If the component to be protected is reconnected without waiting for a
complete cool-off, it is possible that another trip will take place - if the unbalanced
load limit is exceeded again - much faster than would be expected theoretically. In
addition, it is possible to reduce the duration of the blocking time, if necessary, in per-
centages.
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45.1

4511

4512

Setting parameters
For operation purposes, the parameters need to be set as shown below:

X

Unbalanced Load Protection
General] Sensory  Parameters ] Pits ]
Setd

Farameter Set Set 2

: o fow
: [fos — fos
o
T T—

0.05..0.30 In
2.0..300
0.. 2000 s

Reszet time

Timer decreaging rate 0..100%

]

Figure 9: Tripping characteristic for thermal protection at t = 146sec or tgg = 5sec

Cancel

Where:

Is Current starting value, related to the rated current of the current
transformer or current sensor

K Temperature rise constant for the item of equipment to be pro-
tected

Reset time Time up until complete clearing of the thermal memory contents

Discharge rate Reduction of the reset time in percentages

Setting the current starting value

The unbalanced load protection is activated only after the unbalanced load current
has exceeded the preset current starting value Is. Normally, the motor or generator
manufacturer can provide information on this setting. During operation, an unbal-
anced load of 10% of the rated current does not cause an impermissible temperature
rise in the motor or generator. So, it is possible to set the current starting value to 0.1
of the rated current of the motor or the generator. The unbalanced load protection is
activated and started if the unbalanced load is larger than the starting value.

Setting the tripping time

For the unbalanced load protection function, the tripping time is not set directly. The
size of the temperature rise constant K and the size of the unbalanced load finally de-
termines the tripping time in accordance with the equation given above. The tempera-
ture rise constant K should be provided by the manufacturer of the motor or the gen-
erator.

The following example demonstrates how to calculate the tripping time constant. In
this context, the following data are assumed:
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K=10
IMn = 80A (rated current of the motor)
In = 100A (rated current of the current transformer)
If an open-circuit condition is present, the currents in the other two conductors are of
equal size and have a phase displacement of 180°. Furthermore, it is assumed that
both of the currents are identical with the rated current. Under this condition, the un-
balanced load current 12 is:
12 =0.577In
If this value is inserted into the equation above, the tripping time is 30.9s.
As the rated current of the current transformer is not identical to the rated motor cur-
rent — in this example the rated current of the current transformer is 100A and the
one of the motor is 80A — the setting of the temperature rise constant has to be cor-
rected based on the relationship between the rated motor current and the transformer
rated current, as shown in the equation below:

2 2
Iy 12 Iyn IS
K =t el i (1.
AUS (In Inj (In Inj )
The constant which is to be set at the REF542plus field control and protection device
for the above example is:
2 2
80 80
K=309||— 0577 -|—01| |=6,38 (22)
100 100
4.5.2 Tripping characteristic
The following paragraphs deal with the tripping characteristic at an assumed tempera-
ture rise constant K of 5. At the same time, it is assumed that the response threshold
or the current starting value is 0.1 or 10%. The tripping time can then be derived by
applying equation (13).
5
t=——— (23)
1, -0

The following figure shows the tripping characteristic, where the unbalanced load cur-
rent 12 is referred to the nominal current of the motor Imn.
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Timein s

1000,0

100,0 -

10,0

1,0

0,1

Unbalanced Load Protection

0,0

0,5 1,0 1,5 2,0
12/IMn

—— Operation Time in s

2,5

3,0

Figure 10: Tripping characteristic for thermal protection at t = 146sec or tgg = 5sec

The table below gives an overview of the times resulting for the tripping characteristic.

Table 5: Tripping time for the unbalanced load protection

12/IMn Tripping Time
0,20 166,67
0,30 62,5
0,40 33,33
0,50 20,83
0,60 14,23
0,70 10,42
0,80 7,94
0,90 6,25
1,00 4,95
1,20 3,5
1,30 2,98
1,40 2,56
1,50 2,23
2,00 1,25
2,50 0,8
3,00 0,56
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4.5.3

Functional check

For a functional check of the unbalanced load protection, we recommend to use
three-phase testing equipment. By switching the phase sequence (e.g. L1, L3, L2) at
the connections, a unbalanced load current can be simulated. The amplitude of the
symmetrical conventional tripping current, related to the rated current, is identical to
the size of the unbalanced load current to be checked.

If only single-phase testing equipment is available, the conventional tripping current
can be connected either via two conductors, e.g. L2 and L3, or only to one conductor,
e.g. L1. If the tripping current is connected to two conductors, the conventional trip-
ping current has to be increased in accordance with the following equation

12(L2-L3) = +/3 1(3pol ) (24
so that the behavior can be checked properly. In the case of a conventional tripping

current injection in one of the conductors, the conventional tripping current has to be
increased by factor 3 in accordance with the equation below

12(L1) = 3 1(3pol ) 25)
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Setting example

The following paragraph presents an example for setting the motor protection func-
tions which are used for thermal supervision. Special consideration is given to the set-
ting of the following functions:

= Rotor block protection

= Motor start protection

= Thermal overload protection
= Number of starts protection

The setting of the unbalanced load protection function, which is needed for the super-
vision of the asymmetrical operating conditions, has been described in the previous
paragraph.

In the following figure an example of the FUPLA — configuration of the function blocks
for motor protection - Block Rotor, Motor Start, Number of Start Supervision and
Thermal overload - are shown.

2 4
— (111/01 START BL ROTOR L
AR T30 STA [ ROTOR L
i (AT STA [ ROToOR 2] #-1
ELock TRIF[ [151/01 START CONTER
[RoToR 2 ) (12401 START M_START ( 3
| 1
S E5 5l
ES START @ M
B Traple 161701 MAX NUMBER
HF. oF
E‘:IrlaTnl:lTRTﬁéF" STRETS O
D 1
BZ el 171/01 OVERTEMPERATURE
—R=T HARHR
2 TEIF|-
SRR -
TH. OLEELD
5
{1601 MAX NUMBER
>1| {18101 BLOCK MOTOR ON
{171/01 OVERTEMPERATURE 2

Figure 11: Example of a FUPLA — configuration for the motor protection

For the setting example, a medium voltage motor is assumed to have the following
relevant data:

Rated motor current Iy, 91A

Warmeklasse B

Temperaturklasse T3

Blocking current Ig 7.9

Blocking time tg (warm) 8sec

Current transformer rated current 100A/1A
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5.1

5.2

5.3

Rotor block protection

The rated motor current is known. Since the primary current transformer rated current
is 100A, the rated motor current or the motor current le at the REF542plus has to be
set to

91A

IMn = IN=0,91 In
100A

For detecting a rotor blocking, only the overcurrent criterion is to be used. In this
case, a rotor blocking is assumed to be present if the motor current is at 90% of the
blocking current. Thus, the starting value is

Start= 0.9x7.9 le=7.11 IMn
The time setting is selected as the following:

Time= 8.0s=8000ms

Motor start protection

For the motor startup monitoring function, the setting for the rated motor current or
motor current IMn is done in the same way as for the rotor blocking monitoring de-
scribed earlier. After that, the starting value and the time can be defined in accor-
dance with the motor data:

Start= 7,9 IMn
and

Time = 8 srespectively 8000 ms

The motor startup is set to the following setting:

Motorstart=0.7Is

Thereby Is means the setting for the starting value.

Thermal overload protection
For this function, the rated motor current can be entered.

IMn=91A

The motor winding is specified at thermal class B. In this context, it is assumed that
the ambient temperature is

Tenv =40°C

As a result of the thermal class and the temperature class indicated above, according
to table 2 and 3 the rated temperature for the REF542plus will be

Tnom =(40+70)°C =110°C

and the maximum temperature for tripping:

Tmax =145 °C

Setting constant k can be calculated by applying equation (10).
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5.4

k= |145°C-40°C _, .,

110°C -40°C
In accordance with standard [DIN1], however, the constant value should be within a
range of 1.0 to 1.2. If the highest possible setting of the setting constant

k=12

is chosen, it is possible to calculate the temperature setting in reverse order.

9, =(1,2)? (110°C - 40°C) + 40°C = 141°C

As a result, it is possible to define the temperature for tripping on the REF542plus

Tmax =141°C

With this setting the thermal memory contents can be expanded to 144%. A warning
signal has to be generated, for instance, if the thermal memory contents of 120% is
reached. This way, it is possible to determine the temperature setting for the warning
signal.

Twarn = (% (110°C — 40%)) +40°C =124 °C

For the commissioning or after an auxiliary power fail with a long time duration it is
necessary to set the initial temperature Tini. In this case, we recommend for selecting
a temperature for the warm operating condition of the motor, for instance, a tempera-
ture at a thermal memory contents of 100%. Accordingly, an initial temperature of

Tini = (110°C — 40°C) + 40°C = 110°C
will be assumed.

Since the motor has to be assumed as being rotor-critical without forced cooling, both
of the time constants as well as for the temperature rise in operating condition as also
for the overload or fault condition should be identical. The time constant can be calcu-
lated by applying equation (11.2).

- 895 1110
. 792 -1
792 —12°

As a result, the two time constants should be set as follows:
TC Normal =TC Overheat =1112 s

If the motor is no longer running and is not rotating, cooling-off will take place slowly
as there is no more rotation. Generally, the cooling-off process can be assumed with
time constant that is three times the value for normal operation. Therefore the time
constant for cooling-off at standstill is set as follows:

TCoff =3 1112s= 3336 s

Number of starts protection

In accordance with the recommendations given in the relevant operation guidelines,
the setting of the number of starts from cold condition is

Number of Coldstart =2
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5.5

and the setting of the number of starts from warm condition is
Number of Warmstart =1

According to the selected setting, after each start the thermal memory will be filled up
by 45%. After 2 start the thermal memory will reach 90% of the nominal value. So the
temperature for the warm start is reached if the thermal memory content is 100%.
This way, it is possible to define the temperature for the warm start.

Tini = (% (141°C - 40°C)j +40°C =141°C

The time for motor cool-off can be assumed to be 0.6 of the setting of the time con-
stant TCOff. After expiration of this time the thermal memory is reduced by approxi-
mately 45%. A warm start can at least be performed.

Time = 0.6 3336 = 2001 s

Tripping characteristic

The figure below shows the tripping characteristic of the motor in cold condition.

Trip Characteristic Cold

— TC 1112s; Cold — Start up — Rotor

10000

1000 + \
100 A \

N

Timein s

—— ——
N O 1 O N O 1N O I O 1IN © I O 1D O I O I O
O d d NN ®me T TB Lo o NN ® O 0 0 g

Figure 12: Tripping characteristic from a combination of the protection functions

The tripping characteristic is formed from a combination of the motor protection func-
tions. Within a 1.2 to 4.7 basic current or rated motor current IB, a tripping is effected
by the thermal protection function; within a range of 4.7 ... 6.3 basic current or rated
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5.6

motor current IB, a tripping is effected by the motor startup monitoring function. In the
range above 6.3 IB, a tripping is effected by the rotor monitoring function. The higher
the temperature rise or the thermal memory contents, the shorter the tripping time of
the thermal protection function. The illustration below shows how the tripping time
changes in comparison with the one applicable to the cold condition.

Tripping Characteristic Warm und Cold

‘—TC 1112s; Warm ——TC 1112s; Cold —— Startup —— Rotor

10000

1000 -
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Figure 13: Reducing the tripping time at a 100% preloading

Behavior after recovering of the auxiliary voltage

When the auxiliary voltage of the REF542plus fails, the motor to be protected must
also be switched off. The duration of the failure of the auxiliary voltage can be super-
vised by the internal real time clock. The clock is able to operate in the next 2 hours
with the required accuracy. As soon as the auxiliary voltage recovers again, the
cooled down motor temperature is calculated according to equation 14. The result of
the calculated temperature is now used as initial temperature to continue the thermal
overload protection of the motor.

In this example the following are assumed:

td =10 Min =600 s

Tfail =141°C

Tenviro =40°C

Zk off =1026 s
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After recovering of the auxiliary voltage the following temperature will be used for con-
tinuing the operation of the motor protection:

600s

Tini = | (141- 40) e 1026s 4 40 | °C = 96°C

where:
td

Tfail
Tenviro

TimeConst 1< 0.1 le

Tini

PTMV, 01.07.05

Duration of the failure of the auxiliary voltage
Temperature at the moment failure occurrence
Setting of the environmental temperature

Setting of the time constant for cooling down the motor at
standstill

Initialtemperature for the continuation of the protection task
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6.1

6.2

Operation of the REF542plus

In this chapter you will find the following information:
Operator’s responsibilities

Guarantee provisions

General safety notes

Special safety warnings that must always be observed when working with the
REF542plus.

Operator's responsibilities
Please observe the following information for the operator:

The operating personnel for the REF542plus must have the appropriate qualifications
for work on the unit.

Your operating personnel must be authorized to work with or on REF542plus. (E.g.
switching authorization in substations)

Changes to the application as delivered may be made only by ABB personnel

For guarantee reasons, changes to the application as delivered made by the cus-
tomer must always be approved by the appropriate ABB sales department

We recommend that only ABB personnel make adjustments to the unit. Once the
guarantee has expired, the unit is opened at your own risk and is permitted after con-
sultation with the ABB office that sold the unit.

Guarantee Provisions

The data provided in this documentation is intended solely to describe the product
and must not be considered as assured properties. In the interest of users, we are
continually striving to bring our products up to the latest state of the art in technology.
For this reason there may be differences between the product and the product de-
scription and the manual.

If the instructions and recommendations of our documentation are observed, then,
according to our experience, the best possible operational reliability of our products is
guaranteed.

It is virtually impossible for comprehensive documentation to cover every possible
event that may possibly occur when using technical devices and apparatus. We
therefore request that our representatives or we be consulted in the event of any un-
usual incidents and in cases for which this Manual do not provide comprehensive in-
formation.

We explicitly refuse to accept any responsibility for all direct damages that occur as a
result of erroneous usage of our devices, even if no special instructions on this are in-
cluded in the manual.

The documentation has been carefully checked. If the user should find any defects in
spite of this, we request that you inform us as quickly as possible.

We provide a 1 year guarantee for the functioning of the REF542plus.

The guarantee provisions are a component of the related contract documents.
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Special arrangements may be made in consultation with the operator and will be
specified in the contract documentation.

In general, all agreements, assurances, legal relationships and all ABB obligations
arise from the current valid contract documentation, including any reference to the
warranty provisions, which are not influenced by the content of this documentation.

ABB assumes no responsibility for damages resulting from improper use of
REF542plus.

In the event of a guarantee claim, please contact the ABB office that sold the unit.

Safety Regulations

The safety notes in the following chapters represent only a general selection of the
points that must be observed. Additional safety notes applicable to the actual content
of the chapter can be found in the other specific parts of the manual.

Safety notes are either at the beginning of the section or directly at the relevant posi-
tion in the text.

General safety notes

Documentation

The content of the documentation supplied with the device must be followed in all cir-
cumstances when the device is in operation.

Operating an electrical device

When any electrical device is being operated, specific parts of the device are
subject to voltage. If safety warnings are not followed, hazards to personnel
and property will result. Personal injury and damage to property may also oc-
cur.

Safe Operation

The device must be properly transported and stored to ensure fault-free and safe op-
eration. In addition, commissioning, control, service and maintenance must be prop-
erly and thoroughly conducted.

Specific safety information

Five safety rules

The five safety rules according the so called "VBG4 Electrical Substations and
Equipment” must be observed in all circumstances for personal safety:
Isolate the system before beginning work.

Secure against reactivation.

Ensure that there is no voltage.

Ground and short circuit.

Cover or shut out neighboring parts under power.

agrwONE
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Note

Additional safety standards

The following safety standards must be observed in all circumstances:
1. IEC 60255 for protection relays in high-voltage substations
2. DIN 57627 plug connections

Working on and operating the device
Only qualified personnel may work on and operate the device.

Qualified personnel are:

Entrusted with the setup, installation, commissioning and operation of the device and
the system in which it is installed.

Qualified and authorized to conduct switching operations in accordance with the
standards of safety engineering. This specifically includes switching on and off, isolat-
ing, grounding and signage.

Trained in safety engineering standards and are familiar with the maintenance and
use of safety equipment.

Trained in first aid.

Risk analysis and safety measures

The risk analysis and the safety measures are mentioned in [DO1]. It can be con-
cluded, that the motor protection function in the REF542plus can fulfil the requirement
class 3 of DIN V 19250. By means of the watch-dog function all emergency situation
can be detected in order to switch off the protected motor. Consequently disturbances
with possibly environment pollution can be avoid, even if the process is unmanned.

L. 1 Undervoltage
U< Release Coil
of the CB

Figure 14: Tripping of the circuit breaker by undervoltage release coil

Above figure shows an example of a possible tripping of the circuit breaker in connec-
tion with the watch dog function in case of system failure. The watch dog function
controls a relay with an normally open and normally close contact. In normal opera-
tion condition the normally open contact, which is always in closed position, is con-
nected to a undervoltage release coil. The undervoltage release coil is supplied by a
separate uninterruptible power supply. In case of an appearing system fault the circuit
is opened by the watch dog contact and the circuit breaker will be trip mechanically.

Referring to DIN EN 954-1 of March 1997 the REF542plus fulfills the requirements
according to category 2. In this case the failure will be detected by the implemented
self supervision function, where the watch dog relay is directly wired to the release
coil in order to trip the circuit breaker immediately.
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7.1

7.2

Mounting and Installation

In this chapter you will find information:

on what to do first on delivery of the REF542plus

the requirements for the installation location and the environmental conditions,
how to set up the REF542plus and integrate it into the bay and

how to check the wiring to run the commissioning process.

Unpacking

The REF542 bay control and protection unit does not require special shipping protec-
tion. The packaging is adapted for the shipping type and destination. Please proceed
as follows:

Visually inspect the unit and the packaging when unpacking it.
Any shipping damage found in the packaging or the unit should be reported immedi-
ately to the last shipper, who should be informed in writing of liability for the damage.

Check the delivery for completeness using the order documentation.
If there is anything missing or any discrepancies with the order documentation, con-
tact the ABB sales office immediately.

Mount the unit as described in the following section. If the unit is not for immediate
use, store it in a suitable place in its original packaging.

Mounting

The REF542 plus consists of two parts, a Central Unit and a separate Human Ma-
chine Interface (HMI) as the Control Unit. The Central Unit contains the power supply,
processor and analog and binary Input and Output (I/O) modules, as well as optional
modules for supplementary functions. The HMI Control Unit is a stand-alone unit with
its own power supply. It can be installed on the Low Voltage (LV) compartment door
or in a dedicated compartment close to the Central Unit. The HMI is normally used to
set the protection parameters and to locally operate the switching devices in the
switchbay. An isolated and shielded twisted pair according to the RS485 standard in-
terface shall be used for the connection of the HMI as the Control unit to the Central
Unit.
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The figures below show the dimensions of the HMI Control Unit and Central Unit.
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Figure 15: Dimension of the HMI Control Unit
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Figure 16: Dimension of the Central Unit case, standard version
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Figure 17: Dimension of the Central Unit case, wide version

7.2.1 Set-up Area and Required Environmental Conditions
Please note the following information regarding the set-up area:
Allow sufficient space for access to the. The connections must be easily accessible.

Access to the Central Unit in the LV compartment must be easy for the following rea-
sons:

» toreplace the unit,

= to expand the unit,

= to replace specific electronic equipment boards and
= to replace specific modules if necessary.

Because the unit is sensitive to non-permitted severe environmental conditions, plea-
se observe the following:

= The set-up area must be free of excessive air contamination (dust, aggressive
substances).

=  The natural air circulation around the unit must be free.

= The set-up area must maintain the specified environmental conditions
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7.2.2 Installation in LV panels

Figure 18: REF542plus installed in gas-insulated switchgears (GIS)

Figure 19: REF542plus installed in air-insulated switchgears (AIS)
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7.2.3

7.2.3.1

.ununuuuuuu

—

Figure 20: Example of mounting of the Central Unit in the LV compartment and the HMI
on the door

Wiring the REF542plus
Follow the bay documentation supplied for the wiring.

In conclusion, the checks described in the following paragraphs can be done to en-
sure that the wiring is correctly installed.

Checking the current transformer circuits

To check that the current transformer and the current transformer circuits are wired
correctly, run the following checks:

Polarity check

The polarity check (as close as possible to the REF542plus) is used to check the cur-
rent circuit and also the installation position and the polarity of the transducer. The po-
larity of the transducers to one another can also be checked with load current.

Current feed with heavy current source (primary test instrument).

The current feed provides information on the transducer transformation and the cor-
rect wiring to the REF542plus. The power supply should be per conductor and run
from conductor to conductor in each case. All line currents and the residual current
should be checked here.

The transducer transformation can also be checked with load current.

Recording the magnetizing characteristic
Recording the magnetizing characteristic ensures that the REF542plus is connected
to a protective core and not to a measuring core.

Checking the transducer circuit ground
Every independent current circuit may be grounded at only one point to prevent bal-
ancing currents resulting from potential differences.

Check the grounding of the cable current transformer (when used)

If the neutral current is measured by a cable current transformer, the cable shielding
should first be returned through the cable current transformer before connecting it to
the ground.
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7.2.3.2

7.2.3.3

7.2.3.4

7.2.3.5

71.2.4

This enables weak ground faults currents that flow along the cable sheath to dissi-
pate. In this way, they will not be incorrectly measured at their own relay feeder. The
following shows another view of the cable current transformer grounding.

&

Cable current transformer
Shielding s

/
| —»-Out-feed
\ -

Secondary measurement line

Figure 21: Grounding of a cable current transformer

Check the voltage transformer circuits

To check that the voltage transformer and the voltage transformer circuits are wired
correctly, run the following checks:

Polarity check
Wiring check
Check the transformer circuit grounding

Check the voltage transformer for neutral point-ground voltage (when used).

To measure ground faults please proceed as follows: The voltage is referred to as
neutral point-ground voltage of a ground fault measurement when it occurs with a me-
tallic ground fault in the network between terminals "e* and "n“ of the open delta wind-
ing.

In the event of a metallic ground fault in phase L1, the external phase-to-neutral volt-
ages occur in phases L2 and L3 instead of the conductor-ground voltages. They are
added geometrically and yield three times the amplitude between terminals "e* and

"

Checking the auxiliary voltage

The auxiliary voltage must be in the tolerance range of the power supply module and
have the proper polarity under all operating conditions.

Check the tripping and signaling contacts

Conduct this check as shown in the bay documentation.

Check the binary inputs

Check the polarity and the voltage value of the binary inputs on the REF542 in accor-
dance with the technical data of the binary inputs.

Grounding of the REF542plus

As can be seen in the following figure, the power supply board at connector X10 must
be grounded to the housing. Therefore the middle pin must be connected to the
grounding point in the LV compartment. Beside that, the shielding of the cable con-
nection to the HMI control unit must also be connected to ground respectively to the
housing.
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Figure 22: Grounding of the REF542plus Central Unit housing

To ensure the EMC (Electro Magnetic Compatibility) the housing must be grounded
by a low impedance galvanic connection to the grounding system. As it is shown in
the figure, an appropriate cable connection, which is fixed from a specific screw on
the housing to the grounding system in the LV compartment, must be foreseen. That
is why an interweaving cable is used for the grounding connection. If, due to the in-
stallation construction, the low impedance connection from the housing to the ground-
ing system is already given, the additional grounding connection by the interweaving
cable can be abstained from.

The housing of the HMI Local Control Unit must also be grounded too. As can be
seen in the next figure, a specific grounding cable is to be connected from the hous-
ing of the HMI Local Control Unit to the grounding system in the LV compartment.

Figure 23: Grounding of the REF542plus HMI Local Control Unit
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7.2.5

Typical examples of analog and binary connections

The following pages show examples for wiring analog inputs (measuring inputs) on
the REF542plus with sensors or transducers, binary I/Os and analog output boards.
Typical examples of usage in practice will be shown here. The following symbols are
used in the circuit diagrams:

Table 6: Graphical symbols for electric diagram (IEC 60617)

Symbol

Legend

Symbol

Legend

——

Energy flow from the bus bar

Ring core current transformer

Energy flow towards the bus
bar

Make contact

Mechanical, pneumatic or hy-
draulic connection (link)

Break contact

I~

Earth, ground

Change-over break before
make contact

1

—H—

—_—
o

Conductors in a screened ca-
ble

Position switch, break contact

Twisted conductors

Circuit breaker

=

Connection of conductors

Disconnector

Plug and socket male and
female)

Operating device

Resistor with one fixed tap-
ping

Fuse

Current transformer

Sensing element

Three-phase transformer

Current sensing element

3
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Voltage transformer
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7.2.6 Connection Example of the REF542plus Analog Inputs
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Figure 24: Example of connection diagram for incoming or outgoing bays with transformers
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Figure 25: Example of connection diagram for incoming or outgoing bays with sensors
Caution Due to accuracy requirements the length of the cable connection to the sensors
in other bay respectively panels should be less than 7 m
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8.1

8.2

Caution

8.3

8.4

8.5

Commissioning

The following sections with their subsections contain information on:
= The devices and facilities required for the commissioning inspection.

»  The required procedure for the commissioning inspection; For example, depend-
ing on the components to be tested: Protection, interlock conditions, communica-
tions, measured value recording and determining the direction.

Safety Information
The devices, adapters and procedures described are only examples. Experience and
safety in handling the various devices is a requirement.

Switching on the feeder

Before switching on the feeder check that the REF542plus is fully functional in
the corresponding bay. Pay particular attention to the protective functions and
the interlocking!

Test Equipment

The most important device for the commissioning of the REF542plus is an appropri-

ate relay test equipment. The test equipment should have a three phase current and
voltage system. Also the simulation of current and voltage sensors by the test equip-
ment shall also be possible. For example a test equipment manufactured by KOCOS
in Korbach/Germany can be used.

Testing the interlock conditions,

This test is intended to check the interlocking of the switchgear that the user wants
and is required. The two types of interlocking must be taken into account here:

Bay-level interlocking of specific switchgear and
Station-level interlocking of the bay versus other bays.

The interlock conditions for the bay under test can be found in the order documenta-
tion. The interlock conditions specified by the user can be found there.

All possible circumstances must be checked.

Determining the transformer direction

The connection of the measuring inputs and the correct polarity of the current and
voltage transformers or sensors is very important for distance, comparison and direc-
tional functions.

In addition to testing the polarity, the transformation ratio and the magnetizing charac-
teristic, the wiring of the transformers/sensors must also be checked during these
test.
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8.5.1

8.5.2

Current transformer
The transformers must have a positive winding.

This can be easily checked with a 9 V battery and an analog DC voltmeter. If the pri-
mary coil of the current transformer is connected to the battery, the analog voltmeter
connected on the secondary side must show positive. When the battery is discon-
nected, the voltmeter must measure a negative impulse.

The positive terminal of the battery must be connected to P1 of the primary coil and
the positive input of the voltmeter to s1 for this test. The same applies for the negative
terminal at P2 of the primary coil and the voltmeter negative input at s2 of the secon-
dary coil.

1s1

The test setup for checking the direction of a core is shown in the following figure.
1s2

JT, P1
. g.
Z2S1 +

- ’ 2s2 @X/
(ﬁ 1 S
P2 g' 3s2

Figure 26: Setup for the polarity test of current transformers

iy |+
|

This polarity check, also referred to as patch test, must be run for every core. To
guarantee correct operation even with a multi core current transformer with different
cores such as protection and measuring cores, it is recommended that the magnetiz-
ing characteristic (hysteresis) be recorded. A Variac with appropriately high voltage is
connected to the secondary terminals. The flowing current is measured while the out-
put voltage is rising. The characteristic of the measured values, voltage over current,
yields the magnetizing characteristic of the core, which can then be compared with
the manufacturer's data.

The transformation ratio of the current transformer cores is checked with a special
primary current feed device. The feed device is primarily connected to the current
transformer and the secondary value is measured at the secondary terminals of the
transformer or at the protective cabinet with an ampere meter.

Voltage transformer

The same polarity test or patch test is run with voltage transformers. The difference is
that the battery is connected to the secondary side and the analog DC test instrument
to the primary coil of the voltage transformer.

The test setup for checking a core is shown in the following figure.

T

A a
. (.

; < " A
e LT

Figure 27: Polarity test of voltage transformers
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8.5.3

8.5.4

8.6

Every core must be tested here.

If the Variac described in the current transformer section for recording the magnetiz-
ing characteristic has a sufficiently high output voltage (e.g. 500 V), it can also be
used to run a qualitative test of the voltage transformer transformation ratio. The
Variac voltage is applied to the primary side of the voltage transformer and a voltme-
ter is used to measure the secondary voltage at the corresponding transformer or pro-
tective cabinet terminals.

Current sensor

Because the current sensor, the Rogowski coil, is an air-core coil, it must be sub-
jected to the same polarity test as the current transformers.

The test design is shown in the following diagram. A higher voltage value may be re-
quired for the battery.

JT, P1 S1

Figure 28: Polarity test of current sensors (Rogowski coil)

The transformation ratio is tested exactly as with a current transformer. The display in
the REF542 protection and control unit can also be checked at the same time. It is not
necessary to record a magnetizing characteristic with the Rogowski coil, because it is
an air-core coil with no saturation characteristics.

Voltage sensor

The polarity of the voltage sensor, which is a resistive precision voltage divider, is
checked as shown in the following diagram. The correct polarity of the voltage is
measured by applying an appropriate DC voltage (e.g. 24V/DC) to the secondary
terminals. The auxiliary voltage source can also be used if the transformation ratio is
very high. The transformation ratio of the resistive divider is checked at the same
time.

A

;I_ . | O

Figure 29: Polarity test of voltage sensors (resistive splitter)

Testing the measured value recording

Proper functioning of the transformers and sensors is important for proper functioning
of the REF542plus. The measured-value processing of the unit and the set rated val-
ues must be tested for this reason.
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Caution

The phase currents and phase voltages must be taken as measured input quantities.
All other measured values are quantities derived from them.

Test as follows:

Check whether the set rated values match the rated values required by the user (in
the order documentation).

If necessary, load the application into the PC from the REF542plus.

Select the menu item Main Menu/Settings/Connections/Analog Inputsin
the configuration program. The rated values are shown in the dialog window that ap-
pears and, if necessary, changed.

Test the wiring of the transformers or sensors

Disconnect the transducers or sensors from the REF542plus.
The current transformers must be short-circuited, combination sensors disconnected.

Connect the test set to the REF542plus. The relevant current and voltage signals are
applied to the analog inputs.
Set the required rated values on the test set

Table 7: Rated values of the current and voltage signals

Transducer/sensor Rated value
Current transformer 1A or 5A
Voltage Transformer 100V
Rogowski coil 150 mV
Voltage sensor 2V

To test the phase sequence, set every phase separately to the rated value and then
check the value on the LC display screen. At the end reset the phase to zero.

Generate one symmetrical system each for current and voltage with the rated values.

Check the calculated values. A three-phase current and voltage tester is recom-
mended to test the power. By changing the phase angle between the current and the
voltage system the calculation of reactive and effective values and of cos ¢ can be
checked.

Testing the protective functions
To ensure that no damage has been caused by transport or setup and installation of

the protection equipment and systems, secondary tests are run on the REF542plus
protection and control unit with the configured protective functions.

Always observe the applicable safety regulations when conducting the secon-
dary test with an appropriate test set.

When testing ensure that the limit values of the measuring inputs and the auxil-
iary voltage supply are not exceeded.
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9 Technical data
9.1 Analog input channels
Accuracy for measurement: Class 1
Accuracy for protection applications: Class 3
Accuracy of operation time: min £ 20 ms or Class 3
9.1.1 Current and voltage transformer input values
Rated current In 1A or 5A
Rated voltage Un 100V (also suitable for 110V)
Rated frequency fn 50 Hz / 60 Hz
Thermal load capacity
Current path 250 I, (peak value) dynamic,
100 I, for 1s,
4 |, continuous,
Voltage path 2 U, /N3 continuous.
Consumption
Current path < 0.1 VA with I
Voltage path <0.25 VA with U,
9.1.2 Current and voltage sensor input values
Voltage at rated current In 150 mV (rms)
Voltage at rated voltage Un 2V (rms)
Rated frequency fn 50 Hz / 60 Hz
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9.2 Binary inputs and outputs

Each Binary 1/0 module has the following number of inputs and outputs:

9.2.1 BIO module with mechanical output relays (version 3)

14 input channels

Possible auxiliary voltage ranges:

e 20t0 90 V DC (threshold 14 V DC)
e 80 to 250 V DC (threshold 50 V DC)

Each input has a fixed filter time of 1 ms. Additional filter

time can be configured by software.

6 power outputs (channels Maximum operating voltage 250V AC/DC
BO 1to 6). Make current S A
Load current 6 A
Breaking capacity:
1 Contact 75 Watt
2 Contacts 300 W
at L/R <15 ms
Operating time 8 ms
2 signal outputs (BO7 and 8) Maximum operating voltage 250 V AC/DC
and 1 Watchdog output (WD) | Load current 2A
Operating time 8 ms
Maximum operating voltage 250 VDC

Optional: 1 Static signal out-
put on BO7

Make current
Load current
REin

Raus

Operating time

1.5 A (100ms)
0.7 A continuous
1,06 Q

40 MQ

1ms

Coil supervision circuit

PTMV, 01.07.05

1 for channel BO2,

to be supervised impedance < 10 kQ
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9.2.2 BIO module with static outputs
14 inputs (Bl 1-14) Auxiliary voltage range
e 4810 265 VDC (Threshold 35 VDC)
Each input has a minimum fixed filter time of 5 ms. Addi-
tional filter time can be configured by software.
3 power outputs (BO1,2 Operating voltage 48 to 250 VDC
and 7) Make current 64 A
Load current 16 A
Operating time 1ms
4 power outputs (BO3 to 6) Operating voltage 48 to 250 VDC
Make current 120 A
Load current 31A
Operating time 1ms
2 Signal outputs (BO8,9) and | Operating voltage 400 VDC
1 Watchdog output (WD) Make current 1.5 A (100ms)
Load current 0.7A
Rein 1,06 Q
Raus 40 MQ
Operating time 1ms
Coil supervision circuits 2 for channel BO1 and BO2,
to be supervised impedance < 10 kQ
9.3 Interfaces
9.3.1 HMI Control Unit:
" Optical/electrical standard interface RS 232 to the Notebook PC (at the front)
" Electrical isolated standard interface RS 485 to the Base Unit (at the rear)
9.3.2 Base Unit:
" Electrical isolated standard interface RS 485 to the HMI
" Electrical standard interface RS 232 for service purposes
9.4 Analog output board (optional)
Four channel 0 to 20 mA or 4 to 20 mA
9.5 Analog input board (optional)
Six channel 4 to 20 mA
9.6 Communication (optional)
" SPABUS, optical interface, optional with SMA or ST connector, for plastic or
glass fiber (multi mode)
" LON (according to ABB LAGL1.4), optical interface with ST connector for glass
fiber (multi mode)
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" IEC 60870-5-103 with extension according to VDEW guidelines for controlling,
optical interface with ST connector for glass fiber (multi mode)
" MODBUS RTU, electrical interface with two RS485 ports (twisted pair) or opti-
cal interface with two standard ST connector for glass fiber (multi mode)
9.7 Power supply
9.7.1 Base Unit
Rated voltage 110 VDC (-30%, +10%),
220 VDC (-30%, +10%) or
48 to 220 VDC (-15%, +10%)
Power consumption <20 W typical
Inrush current Module 750168: 10A, 1ms; 35A, 100us
Module 750126: 8,3A, 1ms; 21A, 100us
Harmonics <10%
9.7.2 HMI Control Unit
Rated voltage: For auxiliary voltage in the range of:
e 4810 10 VDC (-15%, +10%)
e 110 to 220 VDC (-15%, +10%)
Power consumption <10 W or < 6 W for backlight on or off
Harmonics <10%
9.8 Environmental conditions
Ambient operation temperature -5to + 55°C
Ambient transport and storage tem- -20.to +70°C
perature
Ambient humidity Up to 95% without condensation
9.9 Degree of protection by enclosure
9.9.1 Central Unit
Housing IP20
9.9.2 RHMI Control Unit
Front IP 54
Rear IP 22
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Note

Appendix:

The tripping characteristics for the thermal overload protection depending on
the setting of the time constant with constant k and the preloading as parame-
ter are summarized. According to [DIN1] the preloading is assumed to be 0%
(cold start), 90% and 100% (nominal condition) each time. In the figure the pa-
rameter for the time constant is named as Zkf instead of TC.

To show the flexibility of the thermal overload protection the tripping characteristics
are represented according the whole range of setting parameter of the time constant
Zkf or better TC. For practical application is in general a setting range between 200
and 2000s sufficient.

k = 1,05 with 0% preloading
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k =1,05with 100% preloading
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k=1,1with 0% preloading
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k =1,1with 100% preloading
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k =1,15 with 0% preloading
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k =1,15 with 100% preloading
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k =1,2 with 0% preloading
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k =1,2 with 100% preloading
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