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1.1

1.2

Overview

ThisUser Manual is a summary of the information needed for the installation, putting into
operation and operation of the Moisture Assessment Module of the-RES.

Read the User Manual entirely and do not use the product unless you have comprehended
well the material.

Target group

The User Manual is intended for skilled technicians as well trained and certified operators.

The contents of this User Manual must be accessible to people tasked with the installation
and operation of the system.

Warnings

Structureof the warnings
Warnings are structured as follows:

/\ SIGNAL Nature and source of the danger.
WORD Consequences in the event of nobservance.

| Actions to avoid the danger.

Types of warnings
Warnings are distinguished by the type of danger theyveaiening against:

A DANGER! Warns of an immediately impending danger that can result in d
or serious injuries when not avoided.

|

A WARNING! Warns of a potentially dangerous situation that can result in deat
serious injuries when not avoided.

A CAUTION! Warns of a potentially dangerous situation that can result in f
serious or light injuries when not avoided.

NOTICE: Warns of a potentially dangerous situation that results in materig
environmental damage when not avoided.

Overview
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1.3 Tips

@ Tips on the appropriate use of the device.

1.4 Other symbols

Instructions
Structure of the instructions:
A Instructions for an action.

€ Indication of an outcome, if necessary.

Lists

Structure of unnumbered lists:
List level 1
List level 2
Structure of numbered lists:
1) Listlevel 1

2) Listlevel 1
1. Listlevel 2
2. Listlevel 2

1.5 Applicable documentation

For the safe and correct use of the product, observe the additional documentation that is
delivered with the REGMA as well as theelevant standards and laws.

1.6 Storage

Store the user manual, including the supplied documentation, readily accessible near the
REGDMA.

Page8 Overview
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Safety instructions

Follow the operating instructions.

Regularly instruct staff iall relevant issues regarding occupational safety, the operating instru
tions and, in particular, the safety instructions they contain.

Ensure that the device is only operated if in perfect condition. Never use a damaged device
(physically damaged or matiationing).

Ensure that only qualified personnel operate and service the device.

Connect and use the device only as specified.

Operate the device only with the recommended accessories.

Ensure that the device is only operated in its original condition.

Ensue that the device is not operated outside of its design limits (see technical data).

Do not install or operate the device in environments where explosive gases, dust or vapours
may be present (i.e. that generally do not meet the requirements mentionédeinechnical a@-
ta).

Clean the device only with cleaning products that comply with the manufacturer's specifications.
Use only spare parts and auxiliary materials that have been approved by the manufacturer.

Maintenance and repair of REGDMA Monitoringrelaymust only be carried out by authorised,
qualified personnel and must meet EMC directives.

VANRA\N[ES 2 Electric shock

Injury or Death

A Disconnect the device from all life circuits like aux. suf
measurement circuits and so opefore you work on thg
hardware.

The connected circuits may not exceed the device's s
category (e.g. measurement inputs: CAT Il / 300V).

The RE®MA is a Safety Class | device. The device mu
connected to the system's earth system by a protextarth
before it is put under voltage.

pol

pol

/\ WARNING!  Damage of the current transformets

A Short circuit the current transformer before removing {
terminal connections from the device

Safety instructions Pag9
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Intended use

The product is intended solely to monitor powteansformers.

Scope of Delivery

REGDMA according to characteristics

Mounting material (wall bracket, ipanel terminals,
DINvrail adapter (only for Characteristic B1))

Brush sealing

User Manual

Null modem cable and/or mini USBhite

CD (Operating instructions; A. Eberle Toolbox)

Description for the Transformer Monitoringrelay

Power transformers are key components of an electrical supply gridfallbee of a trars-
former not only has major economic consequences for the energy supplier, it can also lead
to serious losses for consumers. For this reason, it makes sense to monitor the transformer
as closely as possible, to record its 'temperature cufthe thermal image) and to collect
information about the current load and the expected remaining serviceabfevell as the
moisture content of the oil and the papefhis task canbased on IEC standaredbe solved

by electronic measuring and compuig facilities.

This manual describes the main functions and the various steps to monitor the transformer.

The winding's hespot temperatureis determined by the current that runs through the
windings and the oil temperature h€ latter can be fed into the RHBEMA as amA signal or
directly as a PT100 signal. Appropriate input modules are available for both types of signals.
The appropriate analogue input channels must be available in order to record the fill levels
and other quantities such as humidity, H2 or the oil's CO content.

Monitoring consists of monitoring the transformer's main parameters. The oil temperature
is recorded in addition téhe current. The hespot temperature is determined from the oil
temperature and thecurrent in accordance with IEC 60354 or IEC 60076 and extrapolated
to the transformer's service life consumption. Up to six cooling stages can be activeated d
pending on theoil or winding temperature. The system monitors the operating times of the
fan andcontrols the individual fan groups so that as balanced an operating time as possible
is achieved over the whole operating life. If desired, individual fans can also be permanently
assigned to a specific cooling stage. Additional alarms such as Buchhwlarpieg and/or
Buchholz triggering can be fed into the monitoring system as binary signals, displayed and
sent to a SCADA system for further processing (see Figure 1).

Intended use
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The following protocolare available
IEC 6087%-101

IEC 6087%-103

IEC 6087%-104

DNP 3.0

IEC 61850

LON (on request)

MODBUS

PROFIBUS

SPABUS

BUSHING
MONITORING
\

O O O O 0o o oo o

lciclol LA L L L LK XoXo)

SCADA:

MODBUS
SPABUS
DNP 3.0
DNP 3.0 over Ethernet
IEC 60870-5-101
IEC 60870-5-103
IEC 60870-5-104
IEC 61850
Profibus DP

Figure 1. Signal diagram

Description for the Transformer Monitoring Relay Pag 11
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51 Thermalmodel of the transformer

The thermal situation in the transformer can be displayed in a graphic (see Figure 2). Please
note that itis a simplified view of a complex situation. The 'simplification' is based on the
following assumptions:

the oil temperature in the tank increases linearly from the bottom to the top

the average temperature of the winding is linearly parallel to the ilgerature with a
constant temperature differential gr increasing from bottom to top

the hot-spot temperature(P) is higher than the temperature of the winding at the u

per (hot) end of the winding. The increase in temperatuegveen the hot spot in the
winding and the oil temperature at the top of the tank is specified as constgiihét

spot at top oil gradient). Studies have shown that the factor H can vary between 1.0
and 2.1 based on the size, shaitcuit impedance andvinding design of the tras:
former.

The abbreviations used in the diagram are explained below. Measured aaduieslicated
by a solid square& ), calculated values are indicated by a solid pojnt)(

AY/mm

A Temperature of theaop oil layer

B Temperature in the transformer tank at the upper end of the winding
C Temperature of the tank's oil at the centre of the winding

D Temperature at the lower end of the winding

E Represents the bottom of the tank

P Hot-spot temperature

Q Average winding temperature

R Points that are assumed to be at the same temperature

Pagel2 Description for the Transformer Monitoring Relz
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X  Xaxis of the graph shows the temperature

Y Y-axis indicates the relative position of the individual points

The basic version has only one current inputitermine the hotspot temperature Three
currents can also be measured through an optional Aron circuit (hardware Characteristic
M2).

In most cases, this configuration will produce acceptable results because one can assume
that the transformer has a more or less uniform load.

For this general operating conditiof{pr '@ '©

The hotspot temperature is calculated and the cooling equipment controlled according to
the model shown in Bure 3.

The operating current and the diémperature are the most important measurements for

the estimation and calculation of the hot spot and the fiot.J2 (i (i S Y LISHEIREGIZNE ¢
DMA records up to three oil temperatures that can be used for the calculation. Each of the
measured oil temperatures fed into the equation together with the current and the cha
acteristics of the transformer in order to obtain a thermal image of the transformer. This
enables the service life consumption of the insulation and thedpatt temperatures to be
calculated

The transformer's temperature can be controlled lynoecting fans in six stages, tved
pumpsand a heater. The fans can be controlled manually (MAN) or automatically (AUTO). If
the fans are controlled manually (the RBEGIA is in MAN mode), the 'Up &' and 'Down
Arrow' buttons are used to control the fans' stages. The outputs used to control the fans
and the inputs used to feed the temperature signals into the controller can be set up at a
later stage in the memdriven configuration.

A default confyuration is supplied that may occasionally require a few minor changes. If
additional analogue inputs or outputs and/or additional binary inputs or outputs are r
quired for the RE®MA's monitoring system, interface modules (ANAand BIND) can be
conneckd through the device's COM 3 port. This increases the hardware resources for the
basic unit.

If the information provided by the system is used properly, the function can significantly i
crease the transformer's availability using comparatively fesources.

Description for the Transformer Monitoring Relay Pag 13



We take care of it.

Block diagram of the hedpot calculatiorand the cooling stage control

IEC 60354
K A®
> HK - —
IEC 60076 -%h‘_ AB,(t)
1 I IEC formula
selection o, display and
lose of life calculation
Q,
y 4 f t
(O o] e
Smart Fan Control|
on/off
Figure 3. Blockdiagram
K : Loadfactor=1/IN ¢, : Hotspottemperature
do : Oil temperature (measured) ¢np : Expected hospot temperature
Hy : Hotspot to topoil gradient Y . Winding exponent

kdn : Hot-spot temperature increase

Direct connection ! u
. Yy v
oil temp.

| | st g p|®REGDMA A @
T 0/4.20mA | ey
BLoCKED (O] [Trans. state | < iEE
= H | BYO°| ==
T . e Y |
Oil t t —_
fi (0.4 20mA) o I LT g
-~ ° < 2t turn Page
)
[o] =
Fan1tofan 6 s @ e o -]
J}i - o b=
U %ﬁ-‘ Hot-point temp e
i ﬁ%ﬁE (0.4 P 20mA) e e e s
[ : I| Display on
transformer
[} A Y Y

Figure 4. Oil temperature measurement diagram

If a temperature transducer has already been allocated to measure the oil tempeyéiare
oil temperature can be fed into the controller as mA input. If necessaryPTHEOQemper-
ature sensors can also be connected directly in a thwee circuit.

Pagel4d Description for the Transformer Monitoring Rele
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If remote temperature gauges are used, both thd{spot temperature and the oil tempe
ature can be provided as mA output.

The oil or hotspot temperature function endbs up to six groups of fans, twml pumps
and a heater to be connected.

Direct connetion U
f Yy v
oil temp. |

| | (transf.) | - ® REG-DMA .
0/4...20mA P |
oil tem- BLocke [0 Trens. stat= | <@
perature C 0i1- ¢l -
== 0/4...20mA we, BH.O
ﬂgﬁ‘gﬁ 7 T % o 3 i H| ==
] H o T P
. - ° « 5 turn pase
% Direct connection
== = °
= = ] DO DD
\ Fan 1 o fan 6 - - o ® ' DO O
l S changer z ) P

s s o s o

- Y

hot-spot temperature

S

Figure 5: Diagram of the oil temperature measurement in the tap changer

If the oil temperature in the tap changer vessel is also to be recorded, a second mA or
PT100 input must be available.

Description for the Tranefmer Monitoring Relay Pag 15



We take care of it.

Direct connection ! u
| |
Oil temp.
| (transf)} | ® REG-DMA roeedh @
0/4...20mA S ==
(ls"tl Qil temp BLOGKED 6] Trans. staee | <M
OLTC e
oLy 0/4...20mA ° we. BHO| ==
e £= = fi e
-
o e AT [P
" Direct connection e —
]
0/4...20mA
Level N Do L Y
Fans 1to 6 (transf.) ® o] @
-l N DD L« 1 »J
o - == [ — )
s e s s
I Level . e e
[ (oLTC)
0/4..20mA
e s+ s s
A A - \ Y
Hot spot temperature

Figure 6: Fill level determination diagram

The fill levels of the transformer and/or tap changer can also be recorded and fed into the
controller. The information can be displayed on the Control unit's screen and if necessary
transferred to a SCADA system through a serial interface (Figure 1).

Pagel6 Description for the Transformer Monitoring Rele
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Transformer moisture assessment

Excessive moisture is detrimental for transformer operation. It asfeli¢lectric integrity of
liquid/paper system, insulation life and transformer loading capability. Moisture is a major
cause of many failures and can lead to partial discharges, bubble formation, dielectric
breakdown and deterioration of insulating liquachd paper.

Therefore, continuous online monitoring of water in transformers is increasingly becoming
one of the essential parameters to monitor for their life and safety.

Measurement of water dissolved in oil is usually carried out with provetioatechnology

based on extensive use of moisture in oil sensors. The majority of such sensors used for
moisture in oil monitoring are relative humidity sensors, which respond to a changeaef rel
tive humidity (RH)n the oil in a ame fashion as they respond to the change in relative
humidity in the air. RH sensors are normally based on the thin film polymer capaciive m
terial. When used in liquid, the relative humidity is called relative saturation (RS) and it is
measured in peragtage. There are other moisture parameters of interest, which could be
directly measured or determined from RS reading and temperature at the point ofmea
urement. Among the most frequently used parameters are: a) moisture content of oil in
parts per millon (PPM) and b) water activity.

In most moisturein-oil instruments a conversion from RS to PPM is performed using a built
in formula incorporating the soalled solubility coefficients. The formula is only valid for an
average new mineral oil and maptbe adequate for a service aged oil and other insula

ing liquids like silicon and ester. A high level of error may be introduced by not considering
actual water in oil solubility characteristic.

About 99% of all water present in a conventional transfariseconcentrated in solid inos
lation and it is known as waten-paper. Therefore determination of moisture in paper is of
primary importance. However, in present practice, moisture in the solid insulation cannot
be directly measured, but is inferred biyet moisture measurement in oil. Moisture in cell

lose insulation is not distributed evenly and varies considerably from top to bottom.
Another consideration is that moisture in pressboard barriers can be significantly higher
than moisture in winding papdrecause of the temperature difference between these two
elements. The top of the winding is the hottest part while the bottom part of pressboard
barriers is at the coolest temperature of the bottom oil. Because of water absorption cha
acteristics of oil ad paper in regards to temperatures, the water content in the barrier can
be significantly higher than the water content in the winding paper. It is importantnto u
derstand that no single value of moisture content of solid insulation can be derived when
estimating from a reading of a single moisttireoil sensor. Moisture in solid insulation is
distributed unevenly and there is always a range of moisture values attributed to aypartic
lar solid insulation element.

Moisture continuously migrates from paper tl and back due to temperature variations.
This dynamic process is taken into account when estimating moisture content of sakd ins
lation.

Description for the Transformer Monitoring Relay Pag 17
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5.2.1

5.2.2

5.2.3

Pagel8

Moisture equilibrium diagrams have been extensively used for determination of water co
tent of solid insulationHowever, a great care should be exercised when applying moisture
equilibrium diagrams to infer moisture in solid insulation. Most of the time, thermodynamic
equilibrium cannot be obtained and therefore direct use of equilibrium diagram can result
in higherror level. There is an extensive literature on use and misuse of moisture eiguilibr
um charts, which should be consulted before utilizing the theory of moisture equilibrium.

There is a strong correlation between moisture in oil and moisture in solidaitisolpre-
dominantly adsorbed on the surface of the conductor paper and pressboard barriers.
Various algorithms have been developed to devise moisture available for exchange b
tween oil and different parts of the solid insulation. However, a good judgmiemtld be
used when applying any of these algorithms as there are always assumptions aad limit
tions, which should be carefully considered.

During a rapid temperature decrease (e.g. an unexpected shutdown) relative saturation of
water in oil increases rapigl At a low temperature after sudden change the accuracy of RS
measurement is compromised by the fact that dynamic response is slower at low tamper
tures than at high temperatures and underestimation of saturation point may occur.
Technical specificatiort# the moisture sensors should be carefully examined to adesuat

ly consider temperature effects on accuracy of relative saturation measurement.

A moisture assessment algorithm, which is incorporated in the transformer moissire a
sessment module, uses smaanalytical tools (e.g. neurfuzzy computing) to better
account for uncertainties and nonlinearities of water in the transformer oil/paper system.

Monitoring Parameters

Temperatures

A temperature at the location of relative saturan sensor must be continuously measured
for calculation of absolute water content in oil (WCO).

It is beneficial to have the measurement of another temperature at different location, such
as top oil temperature, in order to predict relative saturationtlaat point too. Top oil ten-
perature is normally provided and should be used for calculation of distribution of moisture
in cellulose barrier insulation.

Oil relative saturation

The relative saturation (RS) of water inisimeasured to predict the water in paper activity
and then to estimate the water content in cellulose insulation, which corresponds to the
level of water activity. The RS is also measured to estimate an inception temperature for
the bubble formation andd estimate the risk of oversaturation of oil with water.

Description for the Transformer Monitoring Relz
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5.24 Load Current

Load current monitoring is necessary for determination of temperatures at which bubbles
may form. The load current must be measured on the most loaded windirgsl current
is one of the inputs to the hegépot temperature model, thus is normally available for use.

5.25 Determination of water content in oil

TheWater content in oils determined in the TMM according to the formula:

WCO = B* WCQ where

WCO= exp (A+B/T)

where WCOg; water content in oil at the maximum water saturation expressed in parts per
million (ppm);

R relative saturation of water in oil measured by moisture sensor (%);

A andB are the solubility coefficients, which could be entered during configuration step.
T-temperature in Kelvin at the RS sensor location.

52.6 Determination of water content in cellulose

A method for moisture assessment of tiformer insulation in a corgype transformer

with a conservator oil preservation system (CQRSpased on the compt of waterin-
paper activity.

The concept of water activity is not new and has been known for more than 100 years. W
ter activity as gparameter is being successfully utilized in pharmaceutical, food and paper
production industries. When applied to modeling of water migration between cellulose
(sdid) and oil (liquid) dielectric the water activity is seenaasequilibrium relative satua-

tion of water in oiJin the vicinity of solid insulation.

This method evaluates the smlled 'active’ moisture content in solid insulation. The word

WL OUABSQ A& | &aaz2 OA kinipader agtikitiA,,) claki@v canSeNtvho-2 ¥ g | {1
duced in [Roizman & Davydov 2005] to reflect free water available for exchange between

the transformeroil and paper.

¢KS NBfFIGA2yaKAL 60SGvSSy GKS WIOGADBSQ, 6 GSNJ
and the oil temperature ist®wn inFigurel.
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Numerically 4, is equal to RF100, where R is the percentage oil relative saturation at
moisture equilibrium in a papeoil insulation system. Thus, the watgrpaper (WIP) algy
rithm incorporates the following steps:

1. Evaluation of true oil relative saturatioR$,e) in a transformer

2. Evaluation of the watein-paper activity (4,) for the certain period of time

3. Evaluation of the confidence level for each Awp

ne 9@Ftdd GA2y 2F (KS Wl Gtioh (@SR asélfuncBaddof@2 y G Sy
and temperature.

Some of the dvantages ofhe moisture module/modehre:

1 Themodel employs moisture assessment based on intelligent water activity co
cept and is unique in a way that it uses fundamental physicamical principles in
order to estimatemoisture state of a whole paper/oil insulation

1 The model uses new bubble evaluation method, which is not implemented in other
modelgmethods
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I For moisture in paper the model uses relationship between watgraper activity

1 The nodel does not use the measuredvAy the
sensor, but rather estimate it by applying intell
gent inference system Read moisture meter data-
] ] ) temperature T and relative water in
1 The model provides necessary inputs for other ( oil saturation RS
agnostic models such as aging and drying and
therefore is ready to be integrated in full scale A
; PR Calculate average temperature T
agnostlc and momtonng' and relative saturation RS over 24
hours
A more detailed description of the algorithm is presented v
as a block diagrams depicted in Figure 2 Assign average RS to water in
Ti paper activity Aw
[
_ :
: WCOi
RSi | —> v
A For period of 24 hr calculate water
’ — WCP in paper (WCP) as a function of T
B S (av) and Aw by using neuro-fuzzy
model developed earlier
n o — )l -, CL
4

where,

Ti¢ temperature of the oil sample as seen from th
moisture sensor tip ati moment of time

RS$¢
sensor

A, Bq
ng

kg
WCOig
WCP¢
CLg
dT¢

and waterin-paper by dry weightvhile most other systems use ppm/wcp(%) equ

librium relationship, which ikss accurate

Calculate confidence level (CL) in
estimation of WCP as a function of
T and its derivative dT

4

Calculate WCP for another 24hr

4

relative saturation measured by the moistur

Calculate confidence level (CL) in
estimation of that WCP

water in oil solubility coefficients

4

sampling interval in minutes

number of sample pairs

Compare current value of WCP
with previously calculated WCP

water content in oil at'f moment of time

active water content in paper

4

confidence level of WCP determination

rate of change in T °C

Calculate resulting WCP by taking
the one for which confidence level
(CL) is greater

The algorithm(inputs to outputy has been outlinedn a
flow chart senséadjacent).

Description for the Transfmer Monitoring Relay
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TMM uses neurduzzy computing to evaluate the consistency of the moisture sensor output,
to assess the water content in paper (WCP) and tothéerser when insulation condition
requires attention.

Figure 3

Membership function surface for WCP<f(A)

First, fuzzy logic rules were developed from experimental data. Then the ruleMaadene
tuned using artificial neural network (ANN) algorithrithie resulting rambership function
for the WCP is shown in Figure 3.

Figure4 shows the fuzzy mapm of A, and T into %WCRPRresented as a twalimensional
color chart in Figure 4.

Figure 4
Color Chart (Fuzzy Mapping Awp and T into WCP)
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It can be seen from this chart that all values of WCP are distinguished by color. For exa
ple, the green area coresponds to WCP of less than 1%; the yellow area of the chart
corresponds to the range from 1% to 2% in WCP, etc. Tadimethe fuzzy inference sy

tem ANN has been used.

The diagnostic value of WCP is supported by the Confidence Level (CL), whiclalizd®s v
between 0 and 1. In the simplest case the CL depends on the oil temperature in the vicinity
of solid insulation and rate of change of this temperature.

Thefuzzy inference system
ANN training data set was
formed from measured
values oftemperature, re-
ative saturation and WCF
for differently conditioned
test coils. Test coils were
manufactured  from a|
wound coper conductor
wrapped with Kraft paper
and wound pressboard to
represent material andnk
sulation mass ratio of real
transformer. Fa instance
severalcoils (five of which
depicted below) were conditioned and used for approximating a function of T and Aw to
work out the WCP.

Each coil with known WCP was placed in a glass tank and subjected to temperature change
in steps and responsef &S was recorded. Resulting data set was used to generate-neuro
fuzzy inference system for estimation of WCP. Utilising the property of neural networks
and fuzzy systems as universal function approximathies adaptive neureguzzy inference

model was aeated. Two approaches werased to fine tune neurduzzy model which &
expected both approachdsadvery similar outcomes

1. All data was used as a training set and

2. Some coils were used for training the network and the rest of the coils were ut
lizedfor validation
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5.3 Determination of Bubble Formation Temperature

The key dissolved gases within the mineral oil of a transformer are the following:

Nitrogen: From the external atmosphere or from a gas blanket over réne $u-
face of the oil
Oxygen: From the external atmosphere

Water: From moisture absorbed in cellulose insulation or from thermal decompos
tion of the cellulose

Carbon dioxide: From thermal decomposition of cellulose insulation
Carbon monoxide: From therrhdecomposition of cellulose insulation

Other gases may be present in very small amounts as a result of oil or insulation @decomp
sition by overheated metal, partial discharges, or arcing and sparking, but these normally
make an insignificant contributiomtthe summation of gas partial pressures within the oil.

The fundamental equation governing bubble formation is:
Pint.: Pext.+( 25 / RB )

Where,
Pint = internal pressure
Pext = external pressure.

RB = Radius of bubble
= Surface tension
It is knownthat the following factors affect bubble formation:
Average active water content (water content of paper at the interface with the oil)

Moisture content of water in oil at the interface with the paper effected by the bubble
formation

Capillary property of paper

Gas content in paper

Surface tension of oil

Gradient of temperature rise

Static pressure in the liquid above the bubble formation area
Dissolved gas content in oil

Type of oil preservation system

Electric stress in the active part

However, one of the most important factors, often overlooked, is the rate of temperature
change and/or the temperature difference between the winding and surrounding oil.

It is generally agreed that at 2% moisture in paper (corresponding to an agedomaesf

the bubble evolution temperature is slightly above 140 °C. At 0.5% moisture level the bu
ble evolution temperature is above 200 °C. In other words, even at the 180 °Gplobt
condition bubbles will not be produced from very dry insulation.
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T.V. Ommen was able to find a good approximation of the hot spot temperature asa fun
tion of moisture and gas content and the total external pressure (atmospheric plus oil
head). The equation is given below:

~

— 6996.7 2 Slexpoamn) %/3'5858’3_ 973
822.454+ 1.4499nWyp-INPoesy & c 30 =y

Where

Pores = Total pressure, mm mercury (torr.)

Vg = Gas content of oil, % (v/v)

Wwp = Per cent by weight of moisture in paper (dry basis)

douwbe=  Temperature for bubble evolution, °C

Despite that he aboveequation does not consider all the factors affecting bubble incipient
temperature the expression is recognized as the most reliable model.

This model is used for calculation of bubble formation temperature along with temperature
gradient consideration ithe current versio of TMAM

Risk of bubble formation and oversaturation

The isk of gas bubble formation can be evaluated by calculating a probability of bubble o
currence. This is achieved by continually measuring or predictinggaittemperature and
calculating the probability opredicted bubble temperature.

Oversaturation of oil with water can occur when a transformer undergoes a sudelen d
crease in load. Once it happens a sharp increase in RS may cause relative saturation to
reach 100%, dramaticalleducing insulation liquid dielectric strength. This is a dangerous
situation and musbe avoided whenever possible.

The moisture algorithm predicts a risk of oversaturation by continuously calculating sat
rated water content in oil at the temperature ofiterest and compares this value to the
value of water content as measured by RS sensors at the beginning of sudden change of
temperature. If these two values become equal there is a high risk of oversaturation.
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6.

6.1

Main menu

Main Menu:
MENU: SETUP

MONITOR

LIFE-
CYCLE

TRANSDUCER
MODE

RECORDER

The main menu can be accesdeam the Monitor, Service life and Transducer screens as
well as from the Setup screen by pressing the <Menu> button.

Monitor
A:REG-DM Po:50: 14 AtREG-DM B0t 50125
Trans. State HAND |  <@IEE ||| Trans. State HAND | < T
0il- ED DOC A || |uind. - EE EOE aa»
temne. . teme. .
Cooling D ﬂ Cooling D ﬂ
level level
e A | |
11101 gy || — |
€+ fturn Fade € * turn Pade

The Monitor's basic screen shows either the oil temperature or the winding temperature as
decimal values and aab graph. The current cooling stage is also displayed. The displayed
winding temperature is the highest of the three calculated winding temperatures.

The oil temperature is displayed whenever the oil temperature is selected to regulate the
temperature, thefan or the oil pump control. The winding temperature is displayed when
either the 'Smart Fan Control' (SFC) or the winding temperature is selected as the basis for
the temperature control.

Based on the model, transformers are equipped with several fanpgoSince the fans are
similar in terms of their cooling performance, a greater cooling performance is achieved by
running several fans at the same time. Cooling stage 3 means that three groups of fans are
working at the same time. Cooling stage 1 medrad bne group of fans is working.

The fans can be controlled manually or automatically. For manual control, theDRERG
must be set to MAN. The orange up arrow and down arrow buttons are used to gradually
activate or deactivate the cooling stages. When REEGDMA is in AUTO mode, the fan is
controlled automatically.
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A:REG-DM 16243148
Ambientteme. &

ackt. 23°C
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€ 31 burn pade

[N
N

t NBaa dmd G2 | 00Saa (GKS ySEG G2 aONBSyaod ¢f
for the transformer and the tap changer or the hgpot temperature of all three windings.

A:REG-DM a9:g9:58
0iltemreratures:

Trans.: ackt. 86°C

i 1111

Ly lnglagnl gl

+ 1 turn Pa%e

H:REG-DM @9:14:46
Teme. Wind. 13 S@eC

illll*llllirlll 1111
emi. Wind. 22

2@°C
II|IIII
emi. Mind. S@°C

1|1

+ #i turn Page

t NBda Uy G2 | 00Saa (KS ySEG aONBSYy |yR RAAL
the TC vessel (T tap changet

N—r

A:REG-DM a9 26838

OillLevel:
TC:
118

Trans. :
%

The oil level in the transformemd the tap changer can only be displayed if the controller is
supplied with the corresponding sensor data from the transformer and the tap changer. In
the simplest case, the fill level is supplied to the controller as an analogue signal. Scaling is
done fom the menu. The bar flashes when the limits are exceette@ddition the level

alarm is available as relay and LED output function as well as SCADA indichtamk non
flashing column indicates that the 'fill level is OK'.
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t NBaa

Chapter7.2.4).

4 mod

Ux2scree® an8 display (ihk Bindiidstemperature and the secondary
current that is currently flowing. Based on the settings for the current transducer @nne

tion and the Characteristics 'Three winding' and 'M2', the current shows the actual
measured secondaryalue, the calculated secondary value, or the primary value (see also

A:REG-IM
Hindinds:

B9:37:25

——cC

Temeerature:

[T gl

Cg%%??:ll | IITIBT
gy

€ +! fturn Pade

|[A=REG-IM
Hindings:

18:81:83

——C

TemPeratuPe

[Tmglylag)

[zl

€ *! turn Pade

Lyl 'éll&'niééll
EZTTTTTIIéIéAIITIBTéL

+ 3! turn Pade

t NBSaa

d rod

G2

I 00Saa

which the over temperature will be reached.

H:REG-DM

Overload:

18:16:12

Permissible Ouerload:

%

Time to OvertempP.:

Possible overload

This screen provides information about the transformer's load capacity. It indicates the load
that the transformer can carry as a percentage withexteeding the maximum winding

temperature at the end of the window (Time to max temperature).

Time to over temperature

This screen displays the time after which theaximum winding temperature will be
reached at the current load.

Two dashes are displayeflthe temperature limit is not reached at the current load. The

thiefpSssibje ¥erioadsafoNi Sinfe withhR R A

same applies when the temperature limit has already been reached or exceeded.
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A

t NBaa drmd G2 | 00Saa (Mdturg Bdaitor ( ONB Sy | yR

A:REG-DM 16:48:50 |
Moisture Monitor C(1):

WCF (HS3:
#

Statet
Attention!

The Moisture Monitor (1) saeen shows the estimated water in paper content both as a

numerical value and a traffic light.

The limits for the traffic light in the standard setting are as followed:

Green (lowercircle): n X 2 OLJ f M
Yellow (middle circle): m XX 2 OLJ £ n
RED (uppegircle): n > 20LJ

The tresholds for the traffic light can be adjusted, therefore please contact the REGSys

support (+49(0)911/62810801 or regsysupport@aeberle.de)

In accordance to the traffic light the Status of the water in paper content is indiGgdext

meassage (Normal, Attention!, Critical!!).

t NBaa U9 G2 | 00Saa i KvbistyfeSNbiitor 2DtNEsBoyis they R R A &

relative saturation of the oil provided by the sensor and the calculated moisture inreil co

tent expressed in ppm.

A:REG-DM 16:50:24 |
Moisture Monitor (2):
Rel.Saturation 0il:

c4.00 -

Moist. Oil:

1 3.3

Main menu
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t NBaa dUmd G2 | 00Saa (Mdbturg Bdnitor (B.ONSSY | YR RAA&

A:REG-TH 18:16:12
Overload:

Permissible Ouerload:

Time to Overtempe.:

YOG -

The Moisture Monitor (3) screen shows the estimated Bubbling temperature, the Bubbling
safety margin and a traffic light for the Bubbling temperature. Bladbling safety margin
aK2ga GKS GSYLISNI Gdz2NBE RAFTTFSNBY LS awd$he B Sy (0 K
aLk i 4 SYL)SINde SafyBnargipbecomes small the Hot spot temperature is very

close to the estimated bubble formation temperaturehal means bubble formation can

happen. In addition the bubble safety margin traffic light indication takes the estimated
atSrRe adrdsS | 2gintdaddant. § SYLISNI G dzZNBE ¢

The limits for the traffic lights are as follows:

Green (lower circle), low risk: O fubbe- 90 B M punde- Php)SRO KO ¢
Yellow (middle circle), medium riskd @upe- 0 B M N pupe- q)lﬁp)yklio K ¢
RED (upper circle), high risk: 0 Qbble- dr) <10 K

The traffic light indication has a hysteresis of 1 Kelvin.

6.1.1 Oil temperatures (TC/Transformer)

The oil temperatures can be displayed either as bars or alphanumerically. The maximum
temperature for the transformer and tap changer can be specified in the setup. If the te
perature in the tap changer vessel is needed, it must be fed into one of the controller's
analogue inputs as mA value.

6.1.2 Winding currents and winding temperature

The 'Windings' display mode provides information abihe actual current flowing through

the windings, as well as the hepot temperature, which is determined from the current
and the oil temperature. The values displayed correspond to the largest current and the
highest winding temperature.
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6.2

6.2.1

Service life

The 'SERVICE LIFE' menu, which combines all of the service lives (transformer, fan, pump), is
accessed from the 'MONITOR' main menu by pressing <F2>.

Press <ESC> to return to the MONITOR main menu from any menu. The number of times
<ESC> needs to be pressed depends on the menu level you are at.

ATREG-DN Tl:17:46 T REG-DN 11 l6:55

OFerating time (1) G |||orerating time (2) >

e 02 k0
al ander: s an s
12 CREz1: ] L F3 Fan 3 0z EE»
0ilpume 1: g | A a>»
0illume 23 a s

+ *1 burn Pade £ 1 turn Pade

A: EEG-DM 11:28:33

Loss of life (IEC): >

Windina 1: &%

iy =

Minding 2: 8%

[T T L F3

Winding 3: 8% o

L|||| ||||£|||| 1

8% 108% 1167 | <>

+ *! turn Pade

Operating hourg1)

'‘Operating hours 1' displays the accumulated operating hours for the transformers{tran
former under voltage), the tap changer and the oil pumpe Tperating hours for the
transformer and the tap changer are different because only the hours that the motor is in
operation are measured for the tap changer. The 'Operating light time' is used as a indic
tor of the tap changer's operating hours. Thisane that the service life counter is only
active for the tap changer if a binary input is configured as 'Operating light' (07:Operate).

The counter value does not change if an input is configured but no operating light ¢oennec
ed. If a binary input is notonfigured, the program uses the operating light's maximum time

in the Controller's SETUP 5 menu (Functions..., F1).

In this case, the tap changer's service life counter is incremented by the preset time when
the controller transmits a control command.

The transformer's operating hours are recorded by default if a voltage on the secondary
page is set to 'Transformer in operation'.

This approach can produce incorrect results (see Figure 7) based on the location of the
voltage transducer.
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Figure 7. Diagram showing theperating hours through the secondary voltage

In any case, measuring the primary voltage of the transformer will produce correct results.
The firmware characteristic "Three winding' can be used to activate a second voltage cha
nel that measures the prinmg voltage. The second voltage input is always present and in
principle available for this task when the controller is equipped with hardware Chamscteri
tic 'M9'". In all other cases, the regulatqif the primary voltage is to be measurednust

be sentn for modification.

If software Characteristic 'Three winding' is activated (only possible in combination with
hardware Characteristic M9), the operating hour count is derived from the primary voltage.

If the characteristic 'Three winding' is not activatede operating hours are derived from
the transformer's secondary voltage, whielas mentioned above can produce incorrect
results based on the location of the voltage transducer.

Figure 7 shows an application in which two transformers are fed froosébhr.

If the voltage transducer is installed close to the bus bar, the controller will still measure a
voltage if the secondary voltage of transformer T1 is switched off because the dng
thus the voltage transduceris supplied through the secorattive transformer T2.

Figure 8 displays the secondary control voltage, while the voltage for the operating hour
count is tapped from the primary voltage transducer. This version records the operating
hours correctly.
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6.2.2

6.2.3

Uoperahng time
A
@ ReG-DMA
T1 byl & T2
&
—3
-
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°
o
o H oo oo,
S Do OO
L= 4 (]
\ A
Umeas+

Figure 8: Diagram showing the operating houtsough the primary voltage

The valuel’t is used to estimate the contact erosion in the tap changer. Two parameters
are needed to determine this value. One is the current in the electric arc and the other the
time 't' during which the arc is discharge@urrent 'I' is the current that is flowing at the
time of the changeover, whereas time 't' can be entered for a specific tap changer. It should
be noted that the changeover time is very difficult to determine accurately and is also not
constant over the fe of the changer. But the accumulation I&f provides a way to capture

the qualitative condition of the tap changer. If time 't' is set to 1, the sum of protfuet

only .

If the oil pums arecontrolled by the controller, the operating time of thump is totalled

and displayed in the menu. The oil pumps are controlled by fixed assigned output relays.

Operating hours (2)
The operating times of the fan and the oil pump are listed under 'Operating hours (2)".

The fans are controlled according to agaithm that always adds the fan with the srhal
est total operating time.

This ensures that all the fans are more or less evenly loaded. A specific output can also be
allocated to a specific cooling group in each menu.

Service life consumption

The service life consumption information is derived from the equations specified in IEC
60354 and IEC 60076.
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The service life consumption should not be confused with the operating hours described
earlier. The 'Operating hour' log finly counts the time during which the transformer is
under voltage, while the service life consumption takes thermal ageing into account.

The relative thermal ageing of the insulation as a factor of temperature and time is-dete
mined by the Arrhenius equiatn:

0/ Qi dodeiorhe: Q 7
aandb : Constants that are determined by tests on the insulatol

T . Thermodynamic temperature in K

In the 80... 140°C temperature range, the Arrhenius equation can be replaced with the
slightly simpler Montsinger relationship.

0 'QADNQHO OO G

P : Constant
¢ : Temperature in °C

According to scientific publications, a transformer's service life consumption doubles in the
80 to 140°C range when the temperatunereases by about 6 K.

Another equation can be used to determine the relative service life consumptioenat

LISN) G eRBE I § A0S (2 GKS y2NXIf aSNHEAOS tATFS O2
YQI 0dOdDRE | 6 & §HA0QE &
"YQIQUWHOQWENE | 6 & §Ha0QE &

1)
w C ¥ 0 h x

¢ KS @\ ivagSpedified for a transformer according to CEI/IEC 354/VDE 0532 Part
1/11.71 at 98°C. This temperature corresponds to the operationtdresformer with nan-

inal output at a coolant temperature of 20°C when the 3pbt temperature is 78 K, i.e. 13

K above the average over temperature of 65 K. These temperature conditions correspond
to the normal ageing of the insulation

The following eqation can be derived in common logarithms from equation (1) With=
98°C.

® YQa @b Qb wad@n: i 6anpres T (2
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This relationship is shown in the below table:

¢rin °C Rehtive service life consumption

80 0.125
86 0.25
92 0.5
98 1.0
104 2.0
110 4.0
116 8.0
122 16.0
128 32.0
134 64.0
140 128.0
Example:

10 hours at 104°C and 14 hours at 86°C consume (10 h x 2) + (14 h x 0.25) = 23.5rhours du
ing an operatiorperiod of 24 hours.

Note that the service life consumption is negligible below 80°C.

When the load and ambient temperature are constant, the relative service life consumption
is calculated with the relationship V x t. 't' is the time under load and Weigdlative se
vice life consumption from equation (1).

More commonly, when the operating conditions are not constant, the transformer's service
life consumption is calculated according to the following equation:

waQ or v

o-1°
Ci|o

n : Number of a time interval
N : Total number of the same time interve

Main menu
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6.3

Transducer mode

I In the Monitor's basic screen, press <Menu> and then <F3> to access the Transducer.

This is where the current voltage, current, power gudver factor are displayed.

ATREG-DN 112945
Transducer Mode >
U= zo.08 kU
I = 360.60 A o>
P = 18.39 MW
0= -0z muor| <AEED
= 16.35 MUA
cosf = 1.66 “
I#sing = 81367 B
S 2 sAlEE He am

If your REEDMA is equipped with Characteristic M2, you will have access to the menu that
displays the voltage, current and power measured in the Aron circuit. Please note that the
transducer's voltage and current must be $etARON (see also Chapted0.]) when the
transducer is installed to ensure that the Aron measuremsmorrect.

A:REG-DM 11:33:57
Transducer Mode
———— ARON --—-

e e

[P v [ o

e e .
AEDREIDEE |
I CEDDDCCC

NIDD
=

= EEE
'SQQGQNGNQQ

& = VDDA NI = LR

[
+
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6.4

BasicRecorderfunction with three channels

The chronological sequence of up to two selectable measured quantities is continuously
displayed as a line chart. The time grid for the recording is adjustable. The current date and
time (timestamp) are also recorded. This enables correlated data to be queried by date and
time. The average storage time for a channel is about six weeks. A total of three channels
can be recorded.

The keyboard or the operating software can be used to retriamd display the stored
values.

Relay name Time
Address at bus .

T ([BiTransf-1  @9:24:58 |)

(station identification)
/ ERTT /_L_L nakikll] el —  Back
Identification line 7 IEI «+o— Forward
Present voltage — r )
g F,-’H - T Menu recorder

Present v dto

h . Tk
Time Resolution = i) N ;
(14s / scale section) . T=h3 ol Time resolution

"
| 25,98 FJ B9 gdiSedese
TCPas,12 227,99
Present voltage e // “ ki Stretch scale
Tap position Date
°P Time

Tolerance band

A
FI:Tr'-.ar'usf/l \ Gl
4
FR T I B TR T
Present voltage —— [ fee=e- .g. ..... .g. ..... .:..N.:._\].;. ..... .:. ...... ....... ||

Displaying recorded data

In the first recorder menu (F3), menu item 'Dual display' (F4) is used to toggle the recorder
display between singlehannel display and duahannel display. The left and right arrow
keys are usd to toggle between the displayed channels.

Use 'dx' (F5) to change the value range displayed for the active channel. The value of the
left channel is changed in dual display mode. Use F1 and F2 to move the displayed curve to
the left or the right. Use Ftb zoom into the scale. Use F5 to zoom out. Use F3 to change
the scale.

0 Manual: Use F1, F2, F4 and F5 to change the graphic

O Auto Setup: On¢ime automatic adjustment of the display to the value range siea
ured to date
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Upper limit ...: Enables a fixed endlwe to be entered for the scale (upper limit)
Lower limit ...: Enables a fixed start value to be entered for the scale (lower limit)
Lower limit = O: Sets the start value of the scale to zero

Use F4 to select the recorder's feed rate. You can choose fivendifferent times: 14 s, 1

min, 2 min, 5 min, 10 min. The 'dt' values related to the time that must pass beforé-a div
sion is depicted. Seven available divisions are displayed on the screen. This enables a
maximum time domain of 7 x 10 min (70 min) te Bisplayed on the screen. The shortest
time domain with the highest optical resolution is 7 x 14 s (98 seconds).

Operation

Press F1 and F2 to access historical data in the Recorder's menu. You can view the
timestamp for a specific event by pressing FH &2 to browse the voltagéme-diagram

back to the time reference line (beginning of the grid (top)) and then at the bottom of the
grid, time, date, voltage and tap position.

'HIST' is displayed at the bottom of the grid when historical data are displ&eds ESC to
exit the screen at any time. Press F3 to open the Recekaeenu.

Under 'Scroll' you can set the number of lines displayed on the screen when searching with
F1 and F2 in recorder mode. This accelerates the search process. You can alsaoswitc
'‘Dual display' or 'MMU display' in the Recordemenu. Press F3 to open the Recorder
menu. The menu point 'Time search' enables you to specify a specific search date and time.
You can choose the type of display under 'Channel display'.

Pressing F8 return to recorder mode displays the time lhggagram for the selected time.

The Recordefl and Recorde2 menus display the current storage level as a percentage
and number of days.

Note:

@ The recorder is running in demo mode if DEMO is displayéukiteft of the grid when th
recorder is in normal display mode. In this operating mode, the recorder records me
values for a time domain of 4 to 6 hours. The oldest values are overwritten at the end
period. Data cannot be read out in demmde!
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Parameterization

The channels are parameterized in the recorder's Setup, which is accessed frora-the R
corder's basic screen by pressing F3 and F5.

Pressing F3 starts or stops recording the measured values.
Number of channels

The number of channels specifies the humber of channels to record. A total of three cha
nels can be recorded.

The following parameters are accessed by pressing F1 in the Recorder's Setup menu.
Allocation

This is wkre you define which measured quantity is recoded on which channel. If the
measured quantity is scaled with a factor, it is displayed in front of the F3 button.

Function Value range  Scaling* \ Description

] 0..150 vV KNU Voltage

[** +/- 10A KNI Current

PHI +/-180° 1 Phase angle Phi

Ul +/- 3200 V KNU 1 Voltage Ul

uz2 +/- 3200 V KNU 2 Voltage U2

OilTpTR +/-3200°C 1 Transformer oil temperature
WindTemp +/- 3200°C 1 Winding temperature
Al _ANA Selectable 1 Analogue channel 1
A2_ANA Selectable 1 Analogue channel 2
A3_ANA Selectable 1 Analogue channel 3
A4_ANA Selectable 1 Analogue channel 4
A5 ANA Selectable 1 Analogue channel 5
A6_ANA Selectable 1 Analogue channel 6

X

AMAX_ANA*** Selectable 1 Analogue channel max.

Scaling is usefr the display. This means that specific values are stored, for example;-as
ondary values and scaled for display by this value.

*x The current is recorded relative to the nominal value (1/5 A) set. This means that the vali

is recorded if 5 A arffowing for a 5A transducer. The effective transducer factor (5 x KNI)
used for the display.
This behaviour must be taken into account when setting the absolute deviation.

***  The number of analogue channels available in the recorder depends on theenwianalogu

channels it has. The max number of channels is 32. The max number of channels for €h
istic S2 are 64.

The function that is allocated to the analogue function is contained in the name in tha-all
tion menu. For example, if analogueacimel 4 is allocated output function oSP (output of th
active setpoint), the description is A4_oSP.

Main menu
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6.5

Paged0

Step distance

The step distance parameter determines the value range that is recorded and the number
of decimals the valueare stored with. For the measured quantities U, |, Phi, U1, U2,-OilTp
Tr and WindTmp, the range of values is fixed and automatically set when the measured
guantity is selected. When an analogue channel is recoded, the value range for tlse mea
ured quantifes is not fixed, which is why the step distance can be selected. The step
distance determines the number of decimals used to record the measured values. Because
each of the recorder channels can record + 32000 values, setting the number of decimal
placesdefines a specific value range (step distance G0%alue range +320.00; stepsdi
tance 0.1-> value range +3200.0). The available range of values is displayed in front of the
F3 button.

Absolute deviation

The absolutadeviation defines a deadand for the recording of the measured values. This
means that a new value is only recorded when the change to the last recorded value is
greater than the absolute deviation. This parameter enables the storage space ® be r
ducedfor measured values that strongly fluctuating.

Deleting recorded data

Recorder data can be deleted in the menu 'SetpGeneral2' by pressing F4 'Delete+
corder'.

Additional Recorderfunction

The additional Recorder functidmas a total of 4 recorders, each with 64 channels. Bie r
cording interval can be set separately for each recorder. The data can only be
parameterized and viewed with the A. Eberle Toolbox software. The stored values cannot
be displayed on the REHGMA's screen.
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6.6  PQIView
The PQIView mode shows measuremealues from a PAD(A) power quality interface
that is connected to the same ELAN network like the-REAAis.
H:REG-DCAX 1R:5R: 158
PRIView B1:FRI-D <>
FERI-T L. T.8.81 1-5
T ORNE |
e - mmy | W@
U1z =  @.@is ky >
UsF I 8ias [
o a>
If there is more than one PED(A) available on the ELAN netk the Fikey can be used to
switch the displayo another deviceThe F2 to Fkeys are used tgo through the different
pages of the PQIViewhe number and style ehe diferent pagesof the PQView depends
on the type ofthe connected PQD(A)s.
PQID View displays for klevices(devices with voltage and current measurement):
AtREG-D(A» 18:50:18| [A:REG-DCAY  19:5@:44| [AIREG-D(AY  10:51:85
POIView @1:PRI-D PRIView Q1:PRI-D . PEIView @1:PQI-D
PRI-D V. 7.8.81 1-5 |PRI-D V. 7.8.81 2-5 PRI-D V. T7.08.681 35
UIE = @.@13 kU il = 8.0 A Fl = 8. 806 ML
UZE = B.@13 kU Iz = 8.0 A P2 = . B06 ki
UZE =  G.6821 kU I3 = 8.6 A PI = 8. B8
OHE = BG.@la kU I = 8.6 A FTo= . 806 Mk
Uiz = B.@18 kU f = @.880 Hz 21 = 8. 808 HMUar
23 =  B.624 kU g2 = . B06 Ml
U3l = B.625 kU gI = 8,806 MU
g = 6. 806 Mar
+ fq * = g * = *
ATREG-DCAY 1@:51:28| [AIREG-D(AY 18:51:46
FOIView 01:PRI-D FRIUiew Q1:FRI-D
PRI-D Y. 7.8.81 4-5 |PRI-D U, T.8.01 5.5
51 = 8.008 MUA THDiZ = 0.608 X
52 = 6. B60@ MUD THDES = B.688
53 = 8. 808 Mo THDZ1 = G.688 X
5 = 5,068 MU0
THDI1 = 0.688 X
PF1 = 1. 0808 THDIZ = G.688 &
FFZ = 1.86@ THDIZ = G.688 X
FFZ = 1. 866 THDIH = G.688 X
FF™ = 1. B6E
+ * = *
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PQID View displays for Utlevicegdevices with voltageneasuremenbnly):

A:REG-TICA 153220 | |AIREG-DCAX 18:53:42| RIEEG-TICAX 10254082
PRIV ew HZ2:PRI-T w | |PRIView GZ2:PERI-D w| (PRIiew BZ:PGRI-D
FRI-D L. 4.8.87 1.3 |FRI-D L. 4.8.087 23 PRI-D U, 4.8.87 303
UiE_1 = o, \EE L UiE_2 = G, EEE kL THO1Z_1 = G, QEE
ZE_1 = . HEE EL UZE_2 = B EEE kL THOZ2ZE_1 = B EEE Y
5E_1 = H. \EE kL EE_2 = B EEE kL THOE1_1 = B, BEE
UME_1 = . 888 kL UNE_Z = B, 868 kU
THO12 2 = B EEE K
Uiz_1 = o, \EE L Uiz 2 = G, EEE kL THOZE_ 2 = G, QEE
23_1 = . HEE EL H23_2 = B EEE kL THOE1_Z = B, EEE K
311 = B, @EE kL usi_z = B.BEE kL
f = . 888 Hz
« fq * « fq =+ « fq 3 ————

Device notavailable
If there is no BFD(A) connected to the ELAN network the following message is s
GtvL+ASg Aa y2i Fot S G2-DRXxGudbelfodindonE! PBlé

6.7 Logbook(Eventlog)

The RE®MA is equipped with a event log functionality that is able to record up to 511
event. The Logbook enables you to do a post mortem analysis of the things happening
around themonitored powertransformer. If the max. number of events is reached the
oldest event will be overwritten.

A:REG-DM - 16:21:21
LOGEOOK ~ 1..8|Q

MaRESET 2
12:54:52.2 18.89

[ T« T =1
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The following system events are activatedthre standard configuration. They can be
activated or deactivated via the AE Toolbox software.

Event Loghook text Description

PowerOn PowerOn Device was switchedn or a power on reset
was performed

Auto Auto Hand Device was switched to automatic or manue
mode

Local_Remote Local Remote Change of the Local/Remote status
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The follwoing system events are always logged. A configuration is not possible.

Event Logbook text ‘ Description

TimeRestore RTC=RAMt The time information of the REBMA was found
RTC=EEPt invalid after a power On. Therefotie time was reset
RTC=RBUt to the best available backup.
RTC=2000

Timebackup sources

RAMt =Restore from th&(RAM (MRAM)

EEPT Restore from th&ePROM

RBUt Restore from a RAMnage in theflashmemory
2000 = The time was set to 01.01.2000 0:00:00

Master Reset MaRESET All parameters of the device were resetefault values
and the RAM was initialised.

LGiQa Itaz2 LkraaAaofsS (2 23 GKS aidldda 2F (K¢
DMA. These events are not logged as standard because of the limited meshdhe

logbook. The logging of these events can be switched on and off via the AE Toolbox
a2FG61F NBd | SNBoe AdQa LlraarofsS (2 RSTFAYS A-
acitve or inactive or both.

| addition to the standard events generatég the firmware of the REG a ! AGQa L&
to do costumer and application specific event via background progracodg). This
costumer specific evest are free definable and consist of up to 8 characters

6 Sd3d YoM Rvadl dzY

The Logbook can be checkadd cleared directly on the Display of the REK8A and with
the Software AE Toolbox. The AE Toolbox is also able to store the events of the logbook on
the PC.
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7.1

7.1.1

SETUP

| Press <Menu> twice to access Setup from the Monitor's basescr

SETUP 1

SETUP 1 Regulation:
SETUP 2...

Trans.
Parameters

Redulation-
base 0il

Tenrerature
limits

=«

| Use the <F2...F4> keys to access the individual submenus.

Transformer Parameters

Coollevel B
+ hext level

nominal
Current 1.8A

Time const.
of windind 428=s

Hot-Srot
TemP. inc. (Har > 38. 8K

Winding
_efpgnent {4) 1.88

... several sets of parameters

A parameter set can be specified for each cooling stage. The number of menus depends on
how manycooling stages/fans the transformer has. The number of cooling stages can be
set for each menu.

| Press <F1> to access the next set of cooling stage parameters.

Rated current

The winding's rated current can befférent for each type of cooling. Please note thai-pr
mary values are also used for the rated current when measuring the primary current.

The rated current displayed in this menu must not be confused with the rated value of the
current that is used to mease tasks in the controller (SETUP 5, F2 et seqq).

There, the rated current is configured as 1 A or 5 A. For transformer monitoring, the nom
nal value of the current is the maximum current a transformer can be subjected to with a
specific cooling.

The curent can be displayed in a range from 0...3000 A.

| Press <F2> to enter the corresponding rated current.

| Use <F1...F5> to enter the appropriate values.

SETUP
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| Press <Enter> to confirm the entry.
Thermal time constant for the winding

The thermal time constant is a transformspecific parameter and can generally be taken
from the transformer's data sheet.

Value range: 0..50000 s
You may need to contact the manufacturer.

The time constant for the windg is the time that would elapse until the hot spot reaches
the steadystate final value multiplied by five.

Example:

With a time constant of 3000 seconds, it is assumed that after 5 x 3000 s = 15,00(hs, mea
ing about 4 hours, the steaeltate final valuef the hotspot temperature will be reached.

The number of submenus is determined in proportion to the number of predefined cooling
stages. 'Cooling stage 0' means that there is no cooling at all. 'Cooling stage 0 (oil pump)’
only appears when one of thisvo cooling types is configured ON/OF or ON/OD. The p
rameters for each of the cooling stages (fan group) are set for the transformer in the
'‘Cooling stage 1,2,..."' menus.

Hot-spot temperature increase Hg

The hotspot temperature increase (H@&pot Incr.) is a transformepecific parameter and
can generally be taken from the transformer's data sheet.

You may need to contact the manufacturer.
If manufacturer data is not available for \Hgise the valuespecified in the standard.

The standard indicates that different values should be used for thespot temperature
'Hg' based on the type of cooling used for medium and large power tramsfis.

Type of cooling ON...
Hg 26 K 22 K 29K

A value of 23 K is suggested for distribution transformers with cooling type ONAN.

Winding exponent y

Winding exponent 'y' is a transformspecific parameter and can generally be taken from
the transformer's data sheet.

You may need to contact the manufacturer.

If no manufacturer data is available for 'y', it is recommended to use the values specified in
the standard.

The standard indicates that different values should be used for windingnexp 'y' based
on the type of cooling used for medium and large power transformers.

Type of cooling ON...

An exponent of 1.6 is suggested for distribution transformers with cooling type ONAN.
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Basis of the control

Different reference temperatures can be chosen for the connection of the individual fans.
Because the temperature for the oil and the winding are related in terms of their formula,
both temperatures can be used as base tempere.

In order to accommodate their own business philosophy, users can select which rule they
use.
| Press <F3>in <SETUP 1/Control> to choose the desired base.
The following choices are available:
Qil (the oil temperature determines the limit values)
Winding (the winding temperature determines the limits)

SmrtCtrl (Smart fan control): In this operating mode, the estimated winding teaaper
ture is calculated and used to control the cooling.

Temperature limits

Heater

+ next level “
TemPerature: a
Limit 1eoc| A
Delay as “
_HEsEeresxs 8K a

..... several sets ofgrameters

Individual limit values can be configured for each cooling stage, the heating and the oil
pumps. The number of menus depends on how many cooling stages are configured and
whether a cooling mode with forced circulation is selected (see the se BRUP 3').

The respective cooling stage is activated when the temperature exceeds the specified limit.
| Use function keys <F1...F5> to set the limit in the rang8@fC to 200°C.
| Press <Enter> to confirm the chosen limit.

| Press <F1> to access the ngat of cooling stage parameters.

Switching delay

To force the fan to run quietly, the temperature must exceed the defined limit for agsonfi
urable time before it is switched on.

The switching delay can be set in the range of 0...900 s.

Use the switching elay to adjust the sensitivity of the fan controls. In suppressed short
temperature increases that can be caused by interference during transmission.
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Hysteresis

If the temperature were to fluctuate around the set limit value, it would be impossible to
prevent the fan repeatedly switching on and off without specifying the hysteresis.

Since this behaviour would degrade the effectiveness of the whole system, a hysteresis in
the range of a few Kelvin is recommended.

The hysteresis can be set in the range .0f30 K.

7.2 SETUP 2
| {9¢!t W A& FOOSa4aSR o0& LINBAaA&AAYI G(KS U

SETUP 2 Regulation:

SETUP 3...| <D
Calculation a
Eggignment fixed @
ot tans" ;| G

_ﬁ%ggﬁpgment a

7.2.1 Calculation

Type of air coolindouter cooling medium)
The following options are available:

O AN: Stands for AiNatural, meaning that the transformer does not have any fans and
that air is moved by convection.

O AF: Stands for Air Forced, meaning that the transformer has fans

Limited oil flow

The following options are available:
0 Yes

0O No

This parameter is used accordance with IEC 60076. It takes into account that thestran
former has a limited oil flow by design. The manufacturer can tell you if the transformer has
a limited oil flow as described in the standard.

Type of oilcooling(inner cooling medium)
The following options are available:

O ON:Stands for ONAN or ONAF cooling
0 OF: Stands for OFAF or OFWF cooling
O OD: Stands for ODAF or ODWF cooling
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ON/OF: Stands for switching between ONlI@F cooling. In this case, at least one-co
trollable oil pump is available:

ON/OD: Stands for switching between ON and OD cooling. In this case, one device to
steer the oil and at least one controllable oil pump are available.

The 'Transformer parametérand "Temperature limits' menus each have two additiora! p
rameter tabs for the oil pumps when cooling modes ON/OF and ON/OD are activated.

IEC Formula
The following options are available:
IEC 60354
IEC 60076
The parametedetermines the algorithm used to calculate the kegtot temperature.

Fan assignment

To enable users to assign a specific fan to a cooling stage or let the system decide which fan
to activate for a cooling stage, the Transformer Moring Module offers the choiceed
tween:
fixed
and
cyclical

If the parameter 'fixed' is chosen to assign fans to a specific cooling stage, fan 1 will always
be switched on for cooling stage 1. Over a long period of operation, this setting will result in
a high operating time and thus wear of fan 1, whereas that of the higher cooling stages will
be very small.

If ‘cyclical' is chosen for the fan assignment, the controller decides which fan is switched on
in proportion to the total operating time of each cand stage. Over the service life, this a
gorithm achieves a more or less equal operating time for all fans.

Number of fans

As the number of fan groups varies by transformer type, the current number cam-be e
tered in the menu. As a seilt, this setting will be adjusted in all menus in which fan control
and fan service life parameters are configured.

There are a total of six fan cooling groups that are identified in the menu by the numbers 1:
to 6:.

Pag 49



We take care of it.

71.2.4

Pages0

Currentmeasurement

A transformer's hot spot is affected by a number of transformer parameters (Hgr, vy, time
constant) and by the two measured quantities oil temperature and current through the
winding. Different sources to measure the current anailable for different applications.
The necessary settings can be made in the 'Current Measurement' setup.

SETUP 2 Regulation:

SETUF 3...| < AEI»
Calculation a
Eggignment fixed 6
o fanr ;| G

_ﬁgggﬁﬁgment ¢

Transducer connection

The current used to calculate the hepot temperature is selected ithe 'Transducer ao
nection' submenu. The effect of this parameter depends on the characteristic "Three
winding' and 'M2'. Please see the below note.

Ratioof the power transformer

In order to detemine the primary current when measuring the secondary current, the
power transformer's conversion ratio is used to convert the measured current to primary
current. This parameter is also used to calculate the secondary current for the Monitor's
'‘Windings'screen when the primary current is measured.

Tap changer switching time

The value? is used to record the quality of the contact load in the tap changer. The cu
rent used to calculate’t is takenfrom the continuous measurement of the current, while
the switching quantity 't' is a taphanger specific value.

If detailed information about the tap changer is not available, sufficiently good results will
be achieved with a switching time in the rangfe0.02 to 0.06 s.

I Press <F5> to enter the switching time for the tap changer.

| Press <Enter> to confirm the entry.
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Influence of the 'Three windingand ‘M2 characteristics and the 'Transdaecconnection’
parameter on the current consumption

Measurement of the winding current:
Without M2 and Three winding:

Prim.: Secondary value (calculated from the primary value)
Sec.: Secondary value
With M2 and without Three winding:
Prim.: Secondaryalue 3phase (calculated from the primary value)
Sec.: Secondary value-Bhase
Without M2 and with Three winding:
Prim.: Primary value (measured value on Transducer 2)
Sec.: Secondary value (measured value on at Transducer 1)
With M2 and Three winding:
Prim.: Secondary value-Bhase (calculated from the primary value)
Sec.: Secondary value-Bhase

If the calculated or measured primary valug® used for the current, the primary values
must also be used for the settings in the Monitor!

Calculationof the Ft value:
Without M2 and Three winding:

Prim.: Primary value

Sec.: Primary value (calculated from the secondary value)
With M2 and without Three winding:

Prim.: Max: primary value

Sec.: Max. primary value (calculated from the secondary value)
Without M2 and with Three winding:

Prim.: Primary value directly at Transducer 2

Sec.: Primary value directly at Transducer 2
With M2 and Three winding:

Prim.: Max: primary value

Sec.: Max. primary value (calculated from the secondary value)

Thecalculated primary value is determined from the measured secondary current and the
transformer's conversion ratio.

'Prim." and 'Sec.' refer to the setting of the 'Transducer connection' parameter.
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7.3

7.3.1

SETUP 3

I {9¢!t o A& | O0OSaaSR &R>InBEBUPRAY I GKS U
Use <F2...F5> to access other submenus in which limits, switching delays and hystereses
can be selected.

Since the logic of the submenus is the same, the description of the individual screens is
short. However, the hardware requirements gilbe met so that the the controller cae+

ceive the measured quantities, which are usually supplied by external transducers as mA
signals.

The total number of eight analogue channels (order characteristics E + C) can be expanded
at any time with analoguanterface cards (ANMD) (see chapte8 'Increasing the system's
hardware resources’).

SETUP 3 Alarm:
SETUP 4...

Oilteme. (TCH

Oillevel (TC)

0i
=

1_1)eue1 (Trans. ...

Oil temperature (TC)

Oiltempk, (TCH
>
a>
Manc oo
Delay as a
Husteresis 1K a

Maximum value

Definesthe switchon point for the alarm signal.
Setting range: 0...150°C

Switching delay

Defines the switcton delay for the alarm signal.
Setting range: 0...900 s

Hysteresis

Defines the hysteresis for the switching point.
Setting range: 1...30 K

Pageb2
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7.3.2

7.3.3

Oil level (TC)
Dillevel(iCy

L F1_J

Min o5z <A

Max 05| D

Delayd as a

HYsteresis 1% a

Minimum value
Defines the switckon point for the 'Oil level too low' alarm signal.
{SGGAY3 NIXy3aSY n X

Maximum value

Mp JE:

Defines the switcton point for the 'Oil level too high' alarm signal.
{SGGAY3 NIy3aASY n X
Switchingdelay

Mp JE?

Defines the switclon delay for the alarm signal.
Setting range: 0...900 s

Hysteresis

Defines the hysteresis for both switching points.
{SGGAY3 NIXy3aSY m X o0E:

Oil level (transformer)

Oillevel(Trans.»
Min osx| <@ZI
M 105%| D
Delayd as a
HYsteresis 1% a

Minimum value
Defines the switcton point for the 'Oil level too low' alarm signal.
{SGGAY3 NIry3aSY n X

Maximum value

Mp JE:

Defines the switcton point for the 'Oil level too high' alarm signal.
{SGGAY3 NIXy3aSY n X
Switching delay

Mp JE:

Defines the switclon delay for the alarm signal.
Setting range: 0...900 s
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Hysteresis
Defines the hysteresis for both switching points.
{SGGAY3 NIry3aSY ™M X o/mE?

7.4 SETUP 4
I {9¢!t n Aa IOO0OSaaSR o0& LINBaaiay3a (GKS dmu |
Use <F2...F5> to access other submenus in which limits, switching delahystackses
can be selected.

Since the logic of the submenus is the same, the description of the individual screens is
short.

SETUP 4 Alarm:
SETUF S...

temi.
arm?

1

1

lteme.

ried
‘Tdingtemp.
n
r

arm?

AR | AZ| A0 | ~O
# o | T | e | D

dindteme.
iF)

7.4.1 Oil temperature (Alarm)

OiltempP. (Alarm>

>

L F2

Limit 1ipoc| A

Delay 8= a

Hysteresis 1K a
Limit value

Defines the switcton point for the alarm signal.
Setting range: 0...150°C

Switching delay

Defines the switckon delay for the alarm signal.
Setting range: 0...900 s

Hysteresis

Defines the hysteresis for the switching point.
Setting range: 1...30 K
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71.4.2

7.4.3

Oil temperature (Trip)

OiltemP.(TriPl

Limit 120002

Delay Bz

Hysteresis 1K«

Limit value

Defines the switckon point for the alarm signal.

Setting range: 0...200°C
Switching delay

Defines the switclon delay for the alarm signal.

Setting range: 0...900 s

Hysteresis

Defines the hysteresis for the switching point.
Setting rangei...30K

Winding temperature (Alarm)

WindindtemP. (Alarm?

Limit 12@°C

Delay s

Husteresis 1K

Limit value

Defines the switcton point for the alarm signal.

Setting range: 0...200°C
Switching delay

Defines the switclon delay for the alarm signal.

Setting range: 0...900 s

Hysteresis

Defines the hysteresis for the switching point.
Setting range: 1...30 K

SETUP
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7.4.4

7.5

Winding temperature (Trip

Windingtemp. (Trik)

e

L F2 _J

Limit 17000 A

Delay as a

Hyszteresis 1K a
Limit value

Defines the switckon point for the alarm signal.
Setting range: 0...200°C

Switching delay

Defines the switcton delay for the alarm signal.
Setting range: 0...900 s

Hysteresis

Defines the hysteresis for the switching point.

Setting range: 1...30 K

SETUP/B/7

| SETUPB/7Aa | O0OSaaSR o6& LINBaaAy3ansBKS Udmd | NNP
Use <F2..3> to access other submenus in which limits, switching delay$gstéresiscan

be selected.

Since the logic of the submenus is the same, the description of the individual screens is
short. However, the hardware requirements must be met so that the tharotler can e-

ceive the measured quantities, which are usually supplied by external transducers as mA
signals.

The total number of eight analogue channels (order characteristics E + C) can be expanded
at any time with analogue interface cards (ANA(seechapter8 'Increasing the system's
hardware resources').
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7.5.1

7.5.2

Water in Oil content

kWater in 0il

Limit

188reen

Delayd

as

HYsteresis

1FEm

Limit value

Defines the switclon point for the alarnsignal.
Setting range: 0...1000000 ppm

Switching delay

Defines the switclon delay for the alarm signal.

Setting range: 0...900 s

Hysteresis

Defines the hysteresis for the switching point.
Setting range: 1...100000 ppm

Gasin Qil(Total gas in Oilyontent

Gas in 01l

Limit 188Erm

Delay s

Hysteresis 1eEm

Limit value

Defines the switcton point for the alarm signal.

Setting range: 0...1000000 ppm
Switching delay

Defines the switclon delay for the alarm signal.

Setting range: 0...900 s

Hysteresis

Defines the hysteresis for the swiialy point.
Setting range: 1...100000 ppm

SETUP
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7.5.3

7.5.4

H2 (Hydrogen)in Oil content

H2 in 0il
>
a2
Limit 100een | D
Delay s a
Hdsteresis 1FEm a
Limit value

Defines the switckon point for the alarm signal.
Setting range: 0...1000000 ppm
Switching delay

Defines the switcton delay for the alarm signal.

Setling range: 0...900 s

Hysteresis

Defines the hysteresis for the switching point.
Setting range: 1...100000 ppm

CO(Carbon Monoxide)n Oil content

CO in Dil
e
a2

Limit 1paeen|

Delay as 0

Hysteresis 1PPm a
Limit value

Defines the switcton point for the alarm signal.

Setting range0...1000000 ppm
Switching delay

Defines the switcton delay for the alarm signal.

Setting range: 0...900 s

Hysteresis

Defines the hysteresis for the switching point.
Setting range: 1...100000 ppm

Pageb8
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7.5.5

7.5.6

CO2(Carbon Dioxidejn Oil content

CD2 in 0il

Limit 1aartmn

Delay 553

Histeresis 1rEm

Limit value

Defines the switckon point for the alarm signal.
Setting range: 0...510 ppm

Switching delay

Defines the switclon delay for the alarm signal.

Setting range: 0...900 s

Hysteresis

Defines the hysteresis for the switching point.
Setting rangei...5000 ppm

C2HZAcetylene)in Oil content

C2HZ in Dil

Limit 1aaeen

Delay b=

Hdsteresis 1PkEm

Limit value

Defines the switcton point for the alarm signal.

Setting range: 0...531D0 ppm
Switching delay

Defines the switcton delay for the alarm signal.

Setting range: 0...900 s

Hysteresis

Defines the hysteresis for the switching point.
Setting range: 15000ppm

SETUP
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7.5.7

7.5.8

C2H4(Ethyleng in Qil content

C2H4 in 0il

Limit

Delay

Huysteresis

1Baeemn

Bs

1reem

Limit value

Defines the switckon point for the alarm signal.
Setting range: 0...5100 ppm

Switching delay

Defines the switchon delay for the alarm signal.

Setting range: 0...900 s

Hysteresis

Defines the hysteresis for the switching point.
Setting range: 1..(00 ppm

C2HgEthane)in Oil content

C2HE in Dil

Limit

Delay

Hdisteresis

188ren

Bs

1rEm

Limit value

Defines the switcton point forthe alarm signal.
Setting range: 0...530 ppm

Switching delay

Defines the switcton delay for the alarm signal.

Setting range: 0...900 s

Hysteresis

Defines the hysteresis for the switching point.
Setting range: 1..(00 ppm
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7.5.9 CH4(Methane)in Oil content

CH4 in 0il

>

L P2

Linit 1ooren | D

Delad Bs a

Hdsteresis 1FEm a
Limit value

Defines the switckon point for the alarm signal.
Setting range: 0...510 ppm

Switching delay

Defines the switclon delay for the alarm signal.
Setting range: 0...900 s

Hysteresis

Defines the hysteresis for the switchipgint.
Setting range: 1..(0 ppm

7.6 SETURB
| SETUBIs accessed by pressiigk S dmd | NNRg7.2NJ f Cmph Ay {9¢!

SETUP 2 In-DutrPuts
SETUP 2...

Analod-
channels

Ineut
Assignments

Relay
Assignments

LED
Assidnments
= s

7.6.1  Analogue inputs and outputs

The physical parameters for the temperature (transformer, tap changer)evll (trars-
former, tap changer), water content, gas in oil, etc. can be fed into the BR&ES as mA
signals.

Each REGMA can be configured with up to eight analogue channels that are available for
analogue inputs, analogue outpuds PT100 modules. Notéat two analogue channels are
needed for one PT100 module.
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The controller automatically detects the type of configuration in each slot and adaptively

activates the relevant menus.

Input and output functions

Input and output functions are used to assign @edfic input or output to a particular

measurement.

The followingnput functionsare available:

OFF Switched off, no function

PROG Programmable, analogue input is evaluated by the H program
iT_Oil Oil temperature(transformer) when only one oil temperature is used
iT_Oill Oil temperature winding 1

iT_Qil2 Oil temperature winding 2

iT_Oil3 Oil temperature winding 3

iT_OIlITC Oil temperature (tap changer)

iOillevTC Qil level (tap changer)

iOillevTr. Oil level(transformer)

iWater Water in oil content (relative saturation)

iGas Total gas in oil content (e.g. from a DGA device)

iCO COin oil content (e.g. from a DGA device)

iH2 H, in oil content (e.g. from a DGA device)

iT_Wind Winding temperature when onlgne winding temperature is used
iT_Wind1 Winding temperature 1

iT_Wind2 Winding temperature 2

iT_Wind3 Winding temperature 3

iTmpWSens Oil temperature at the location of the moisture sensor

iCO2 CQin oil content (e.g. from a DGA device)

iC2H2 GH, in oil content (e.g. from a DGA device)

iC2H4 GH,in oil content (e.g. from a DGA device)

iC2H6 GHs in oil content (e.g. from a DGA device)

iCH4 CH in oil content (e.g. from a DGA device)

iT_Amb Ambient temperature

The followingoutput functions are available:

Output function

Description

OFF Switched off, no function

PROG Programmable, analogue output controlled by the H program
oZero Output 0 mA

o+FullRng Output of the positive max. value

o-FullRng Output of the negative max. value

ouU Active measurement voltage

oP Active power
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0oQ Reactive power

0S Apparent power

oUl Measuring voltage at Transducer 1

ouU2 Measuring voltage at Transducer 2

oll Current 1

ol2 Current 2

ol3 Current 3

OPHIDEG Phase angle

0COSPHI cos (phi)

OFREQ Frequency

oQilTemp Oil temperature

oWindTemp Hot-spot temperature of the winding
oT_Wind1 Hot-spot temperature winding 1

oT_Wind2 Hot-spot temperature winding 2

oT_Wind3 Hot-spot temperature winding 3

0AruU12 Aron voltage U12

0Aru23 Aron voltage U23

0AruU31 Aron voltage U31

OArP Aron active power:

0ArQ Aron reactive power

OArS Aron apparent power

oMM_wco Water in oil content

oMM_wcpmax Water in paper content max.

oMM _cnf Confidenceof the water in paper content

oMM _cnfmx Confidenceof the water in paper content max.
oMM_WCPhs Water in paper content at the hot spot temperature
oMM _Tbhs Bubble Inception Temperature at hot spot location
oMM_Risc Risc of bubble formation

The input function PROG is always selected whermstandard measured quantity is
used.

In principle, any arbitrary measured quantity that can be represented as an mA value can
be fed into the controller, processed and displayed.

If necessary, limit values can of course be derived from suchsterdad inputs' and ot
put by relay. To do this, please contact the head office.
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Configuring the analogue channels

ATREG-TN Boiza: 14
ANALOG 1.0 [91..] 1| << AEZI»
Ana 1 AL/iT_Dil
688 Deur U -
Bna 2 AI-PROG
g, e D wE»
Ana 3 -—/PROG
G. 66 v -G
Ana 4 —FROG | <

8,88
==tliC ¢3iff]l dii

Press <F2...F5> to select the channel that needs configuring.
A4S Umy G2 G233tS 0SGeSSy GKS |yl 23dzS
Normalized values (relative tbe nominal value of the channel), scaled values (with

the parameterized scale and the unit), the real mA value, or the minimum and max
mum values can be displayed. (Press F2...F5 to reset the min/max values)

The following Figures show the configurationGhannel 1. 4.. 20 mA is set to record the oil
temperature 0... 100°C.

Press <F2> to select Channel 1.

H:REG-DM B9:27:33

RSETUP1[C1:AI-26nA |8

Analod_Function
= 64:1iT_0il oc

Analod Unit
= hgach

ye%imal Places

rameter Selection
B2:Parz oc
TLIC £33 i

Press <F2> to select the analogue channel.

A list of all available functions displays:

Use <F1, F2> and <F4, F5> to select the required function.
Press <F3> to confirm the entry.

Press <F3> to set the units for the scaled signal.

Press <F4> to set the number of decimal places.
The aforementioned settings only affect how the values are displayed in the analogue
main menu and not their processing dreir display in the Monitor.

Press <F5> to select the type of characteristic curve used to scale the mA signal.

The following options are available:

All: All parameters are available
Fac+Off:  Scaling using factor and offset
POP2: Linear scaling

POP1P2: Scaling with a breakpoint
MODBUS: The according analogue channel gathers the data via MODBUS RTU *

* COM3/MODBUS converter necessary
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Our example uses input function 'iT_oil'. The unit °C and two decimal places are selected
automatically. A linear chargaristic curve is used for scaling.

A*REG-DN @91 29154 Z4:tREG-DMA 15156128
AsETUPZ[C1:Al-zonAlm || < @EIDD ASETUP2[C2: MBI [a| <>
Start Point PE-X MODEUS Address
Z"G Deat .| @@ - >
Start Point FB-Y MODEUS Code+Tupe
=g T ..| - = 41th-d- L F3
End Point P2-% MODEUS Data Addres
=106 DeaC > =357 S| -
End Point P2-V a a
—;'N,:C i 4:i = ==tLIC «3:1ff 421

Analogue Setuf of analogue channels and MODBUS (right picture)

I  Press <F1> to access the ASETUP 2 menu.
This is where the scaling is done.

| Press <F2> to set the start point for the measured quantities. In our dea@fiC (input
without unit). In case of MODBUS please enter the MODBUS device address af-the se
sor unit here.

|  Press <F3> to set the start point for the mA value. The value is input in standardized
form, i.e. in relation to the module's nominal value our example, 0.2 (4 mA/20 mA =
0.2).In case of MODBUS please enter the MODBUS CODE and Type here.

| Press <F4> to set the start point for the measured quantity. In our example, 160°C (i
put without unit).In case of MODBUS please enter the MODBUS Datagsduieee.

|  Press <F5> to set the end point for the mA value. The value is input in standardized
form, i.e. in relation to the module's nominal value. In our example, 1 (20 mA/20 mA =
1).

The nominal value of the module displays at the top centre of the scbehind the cha-

nel number. There are two additional support points if you use theliv@ar characteristic

curve.
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A:REG-DN B3:32:20 Z4TREG-DNMA__ 16308139
ASETUPZ[C1:Al-2onA| < @I RSETUP3[C3:mBI || <@EED®
Linit P ir
=Bainone .| < | ||| TEEE -
Analffset
L F3 ="8 OFFT a>
-« | || 3§05 =
LngaEaResolutinn a A a
——T4iC ¢4 dii =140 £33 41

Analogue Setup 8f analogue channelsith POP2 scalingnd MODBUS (right picture)
|  Press <F1>to access the ASETUP 3 menu.

| Press <F2> to set the limit for the analogue chafoely without MODBUS)
The following options are available:

None: No limit
High: Limit when the configured maximum value is exceeded
Low: Limit when the configured minimum value is exceeded

High+Low: Upper and lower limit

For example, if ‘None' is selected, the characteristic curve is extended beyond the support
points. In our example, this means that a current value of less than 4 mA results in an oil
temperature lower than 0°C. If 'Low' is selectedcurrent value of less than 4 mA will result

in an oil temperature of 0°C.

In case of MODBUS the parameters Anafactor and AnaOffset can be used to scale the
measured value delivered by the sensor unit via Modbus (e.g. multiplying with 0.1).

I Press <F5te configure the resolution for an analogue input.

A:REG-DN G3:39:42
ASETUP4[C1:AI-2anA|d

Fault Detection
= @8 none

Low Fault Limit
= @.2

Ei?h Fault Limit

—14:C e2:f #2i

|  Press <F1> to access the ASETUP 4 menu.

| Press <F2> to set the limit for the brokesre detection.

The following options are available:

None: No brokenwire detection
High: Brokenwire detection wherthe maximum value is exceeded
Low: Brokenwire detection when the minimum value is exceeded

High+Low: Brokenwire detection when the minimum and maximum values are
exceeded
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Use <F3> and <F4> to set the values for brekiga detection (range in exceedewdi-
ues). The input is a standardized value (e.g. 3.5 mA (at 20 mA rated cuxént)5).

This function is not available in case of MODBUS communication.

7.6.2 Binary inputs and outputs

The RE®MA can recognizearious control signals as a binary signal and output control
signals through relay outputs.

Binary input and output functions

The followingnput functionsare available:

00: OFF ouT

01: PROG Input is used by the H program

02: Auto Auto

03: Man Man

04: ManAuto Man, Auto, pulse controlled

05: BuchAlm Buchholz alarm

06: BuchTrip Buchholz trigger

07: BuchTC Tap changer Buchholz alarm

08: OpLamp Operating lamp signal

09: LR_AH REGLR Auto/Man

10: LR_STAT REG.R Status

11: LR LR REG.R LocadRemote

12: Higher Increase cooling stage by one stage (only in Remote)
13: Lower Decrease cooling stage by one stage (only in Remote)
14: LRHigher Increase cooling stage by one stage (only in Local)
15: LRLower Decrease coolingtage by one stage (only in Local)

The 'Buchholz Alarm' and 'Buchholz Trigger' signals must be supplied to the controller by a
separate Buchholz relay and can then be transmitted to a highal control system
througha corresponding SCADA

SETUP
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The followingoutput functionsare available:

The output functions are available for relays, as well as for LEDs.

00: OFF No function

01: PROG Output is used by the H program
02: ON ON

03: Heating Heating on

04: Oil pump Oil pump 1 on

05: Cooling 1 Fan group 1 on

06: Cooling 2 Fan group 2 on

07: Cooling 3 Fan group 3 on

08: Cooling 4 Fan group 4 on

09: Cooling 5 Fan group 5 on

10: Cooling 6 Fan group 6 on

11: OlAlarm Oil temperature alarm

12: WndAlarm Windingtemperature alarm

13: WndAusl Winding tempeature trip

14: T_OITC Alarm TC oil temperature

15: Water Water limit exceeded

16: Gas Gas limit exceeded

17: OlIstTC+ High oil level in TC

18: OlstTE Low oil level in TC

19: OlstTr+ High oil level inransformer

20: OlstTr Low oil level transformer

21: Buchalm Buchholz alarm

22: BuchTrip Buchholz trigger

23: BuchTC Tap changer Buchholz alarm

24: ELANL Communication on the-EANL

25: ELAMNR Communication on the-EANL

26: ELAMNEIT ELAN error

27: AUTO Automatic operation

28: OpLamp Operating lamp signal

29:AnaFItl Fault analogue channel 1

30:AnaFIt2 Fault analogue channel 2

31:AnaFIt3 Fault analogue channel 3

32:AnaFlt4 Fault analogue channel 4
33:AnaFIt5 Fault analogue channel 5

34:AnaFIt6 Fault analogue channel 6

35:TOIErr Error oil temperature measurement collectively
36:TOI1Err Error oil temperature measurement 1
37:TOI2Err Error oil temperature measurement 2
38:TOI3Err Error oil temperature measurement 3
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39:0lpump?2 Oilpump 2 on

40:CO CO limit value exceeded

41:H2 H2 limit value exceeded

42: TWndErr Error winding temperature collectively

43:TWnd1Err Error winding temperature 1

44:TWnd2Err Error winding temperature 2

45:TWnd3Err Error winding temperature 3

46:Local Local mode

47:Remote Remote mode

48:CO2 CQ in oil content exceeds the limit

49:C2H2 GH, in oil content exceeds the limit

50:C2H4 GH,in oil content exceeds the limit

51:C2H6 GHs in oil content exceeds the limit

52:CH4 CH in oil content exceeds the limit

53:WCP_Norm Water content paper normal (lower circle of the traffic light)
54:WCP_Warn Water content paper attention (middle circle of the traffic light)
55:WCP_AIm Water content paper critical (upper circle of thraffic light)
56:Bbl_Norm Bubbling safety margin normal (lower circle of the traffic light)
57:Bbl_Warn Bubbling safety margin attention (middle circle of the traffic light)
58:Bbl_Alm Bubbling safety margin critical (upper circle of the traffic light)
101:Inp01 Binary input 1

102:Inp02 Binary input 2

X

126:Inp26 Binary input 26

127:Inp27 Binary input 27

A specific control function (e.g. 'Oil pump' or 'Fan group') is assigned to a specific relay ou

put in the Controller menu.

Theconfiguration process is described using examples.
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Configuring the binary inputs and outputs

InrPuts
ES..ES L F1
[ 1Et: oFF | <@ ZI
[ 1 Ez: oFF| <E
[ 1E3: orr | G
[ 1E4: orr| W

The current function assignments are displayed on the right side of the screen.
|  The <F2...F4> keys are used to select an input.

|  The <F1> key is usedgoroll inputs four at a time.
Selecting an input displays the list of available input functions.

|  The <F1, F2> and <F4, F5> keys are used to select the desired function.

| Press <F3> to confirm the selection.
The same procedure applies to the relay and LEidtions.
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7.7 SETUR

| SETUBis accessed by pressifigk S U | NNR 9.2NJ f Cmph Ay {9¢!

The maximum service life and the currently elapsed operating hours for the different
equipment are entered in the 'Service life' submenu. This must be done when theamnonit
ing system is installed on a transformer that is already in service.

This menu can also be used to set the 'Service life' parameter when individual devices are
replaced.

SETURP 9 Lifetime:
SETUP 18...

Lifetime
Trans.
Lifetime
TarChander

Lifetime
Oilrume

Lifetime
Fan
= & 3

7.7.1 Transformer service life

Trans.

Loss of life
maximal QEEkH

Orerating time
mom.

h

Loss of life
mom. CIECY ah

Maximum operatinghours

Press <F3> to enter the expected maximum service life (see the manufacturer's data).
Setting range: 0...999999 h

Current operating hours

This is where the current operating hours for the transformer (see the section 'Operating
hours (1)") are adjustk This setting is important if the system is not installed at the same
time as the transformer. Adjustments may also need to be made in conjunction with rev
sions.

Setting range: 0...999999 h

Current operating hours (IEC)

This is where the IEased operting hours are adjusted.
Setting range: 0...999999 h
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1.7.2

7.7.3

Tap changer service life

TarChander

Switching Load
T 8 Ats

Operating time
maximal S8ah

Operating time
=11

ah

Switching load

This is where the current switching load for the tap changer is adjusted.

Setting range: 0...900000GA

Maximum operatinghours

Press <F4> to enter the expected maximum service life (see the manufacturer's data).
Setting range: 0...999999 h

Current operating hours

The 'Current operating hours' parameter is important if the system is not installed at the
same time as the taphanger. Both parameters may need to be adjusted in conjunction
with revisions.

Setting range: 0...999999 h

Oil pumps

OilPumk 1
*0ilPume 2

Orerating time
maximal S88h

Orerating time
=1

ah
= 3

... several pages
Maximum operating hours

Press <F4> to enter the expected maximum service life (see the manufactume&)sfor
the oil pumps.

Setting range: 0...999999 h
Current operating hours

The 'Elapsed operating hours' parameter is important if the system is not installed at the
same time as the transformer and the oil pump. Both parameters may need to be adjusted
in conjunction with revisions.

Setting range: 0...999999 h

| Press <F1> to toggle between oil pump 1 and 2.
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7.7.4 Fans

Fan 1

+ next Fan

Orerating time
maximal 288k

Orerating time
=11

2h
=& 3

..... several sets of parameters
The number of parameter sets is based on the number of fans used.
Maximum operatirg hours

The 'Elapsed operating hours' parameter is important if the system is not installed at the
same time as the transformer and the fan groups. Both parameters may need to bé- adjus
ed in conjunction with revisions.

Setting range: 0...999999 h

Current goerating hours

Press <F5> to enter the current age of the fans.
Setting range: 0...999999 h

7.8 SETURO
| SETUP 18 accessed by pressifigk S 4 Thd | NNB 6 .2NJ f CmMBH Ay {9¢!

SETUP 18 Overload:
SETUP 11...

Max. Winding
TemPerature 9g°C

Time wuntil max,
Temﬁerature T2808=

The overload parameters are set in Setup 8.

7.8.1 Max. Winding temperature

The parameter 'Max. winding temperature’ specifies the limit value for the winding te
perature used to calculate the overload. The default value is 98°C.

7.8.2 Time to max. temperature

The parameter 'Time to mxa temperature' specifies the time it takes to reach the max
mum winding temperature. For example, a setting of 7200 s means that the possible
overload is calculated so that the maximum winding temperature is reached after 2 h =
7200 s.
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7.9

7.10

SETUP 1Bubble Module
| SETURLlis accessed by pressifg6 dmd I NNRg 2N f CmHh Ay {9¢

SETUP 11 Bubble Modul
SETUP 12...| <A
External
Pressure TSBmmHY a
OilPressure 1T7EmmHY o
| Gas,in 0il 1o

External pressure (default: 750 mmHg)
Atmospheric pressure on the transformer.

Oil pressure (default: 176 mmHQ)
Oil head pressure of the Hot spot location.

Gas in Qil (default: 10 %)

Total gas in oil content. The bubble formation temperature depends on the gas imeil co

tent. Therefore the gas in oil content is necessary to calculate the bubbling formation
temperai dzZNS® ¢ KS LJ NI} YSGSNJ aDlFa Ay hAté Aa 2yf
oil content is available. The measured gas in oil content can be received vsegnah or
a2zRo0dzA® ¢KSNBoeé AGQa LlraaroftsS G2 woanGoniKS
chv 2NJ GKS &adzYYlIdAz2zy 2F (GKS AYRAGARdzZ £ & YS

SETUR?2
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SETUP 9 Interfaces
SETUP 18...

CTAUT
Contiduration

RS232
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= + 3
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7.10.1 Voltage and current transformeimstallation

Converters
UT-Mount 3 LiLz| <G>
ratios z00| <A
CT=Mount = L5 ﬂ
ratio: £aa a
In : |

This is vmere the data of the voltage and current transformare entered. If Characteristic
‘Threewindings' is active, two KNU and two KNI are available. If Characteristic 'M2' is active

and the measurement is to beode by the Aron cidzA G = (G KS LdMduadt a®ii SNB W
'CFMount' must be set to '"ARON'.

The factor KNU is calculated by dividing the primary nominal value by the secondary nom
nal value of the VT (e.g. 132KV/110V = 1200).

The factor KNI is calculated bividing the primary nominal value by the secondary nominal
value of the CT (e.g. 2500A/5A = 500).

¢KS LI NIYSGSNI wWLyQ aStS80iGa G(KS y2YAylt asozy

SETUP
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7.10.2

RS232

The RE®MA is equipped with two RS232 interfaces (COM1 and COWM2)COML1 inte

face is mainly used as provisioning interface. The COM2 is normally connected to the
SCADA interface and therefore not available for external use. Whether the COM2iis occ
pied by a SCADA interface or not can be seen in the according wiagami. The PIN
assignment of the COlmterfaces can be found in the technical data in chajter

To communicate to a PC tl@&0OM1 mode has to be ECL. The baud rate, the parity and the
handshake can be selected. The standard setting is 115Z00ERTS/CTS
The COML1 interface is available with a Mif8B connectofFeature 11)The USB interface

is an integrated Seridb-USBconverter; herefore the parameters for the communication
stay the same.

The COM interfaces support the following modes:

Mode Descrigiion

0: OFF COM interface is switched off

1: ECL GCommunicationwith Eberle specifiprotocol (e.g. PC software)

2: ECLADR Communication with Eberle specific protocol with addressing for RS4¢
use (not supported by A. Eberle Toolbox software)

8: PROFI ProfibusDP mode, external ProfibusDP module necessary

10: ELANL Redirection of the ELANto the COM interface

11: ELARR Redirection of the ELAR to the COM interface

15: DCF77 COM interface is used as DCF77 input, specific DCF77 receiver nece

Connectiondiagram "zeremodem"-cable

9pole SukD plug 9pole SukD plug
5:1000 1DCD£6‘
0 6 DSR b DSR o
A |2RxD 2RxD |
o 7 RTS 7 RTS 0O
o 3 T=xD 3TxD o
~ |BCTS 8CTS |
~ | 4DTR ADTR| ~
~ 9Al 9R |
9 5 GND 5 GND o

Pager6
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7.10.3 ELAN (EnergylLocal Area Network)
Each REGMA has two EAN interfaces: an-EAN LEFT and anedLBEN RIGHT. EachLEN
interface workswith a 2wire line or 4wire transmission technology (both RS485).
The communication parameters (MODE, BAUDRATE) for the devices connected to a bus
must match in order for the communication to be successful.
The setting for the terminating resisto(enIH'n 2wire mode) is shown in the below Figure.
The terminating resistor should be set to open when a bus consists of more than tves devi
es and the relevant-EAN interface is not physically at the beginning or the end of the bus.
In all other caseghe terminating resistors should be set to guarantee the best possible
communication.
2-Wire bus with
GND
F % ELAN-L ELan-R REG-DMA
FETTSETETTZ
I.T.l LI_" [Rl =] ooOooOooao
. 1
Py |
®
ELAN-L ELAN-R PAN-D 2-Wire Point-to-Point ELAN-L ELAN-R REG-D
"E‘ET‘”‘@" gmTm g (Exclusive connetion mmom g mEQm g
* + betw the REG-D and hall el
o ?T QT the according PAND) | ?T TT
®
. ' AN
ELAN-L ek REGDMA| ELAN-L ELanr  REG-D
TETT 2| B FETTZETETTS
QQDDD ooooao ogoooao I:ILTJDEI;I
‘ I
P | [ !
®
Q—Wire )
ELAN-L ELan-r  REG-DA ELAN-L ELANR PQI-D Point-to-Point
TET SWTETV S R EEERE
I;!FIDDD 0ooonoo 0oonoon Oooooo
‘ I
® |
4-Wire Point-to-Point
B T1ermination on
= [__] Termination off
/N

SETUP

If communication with the AN is successful, the square brackets for the two connected
ELAN interfaces will display as [X]. The X signifiestieateighbouring station is reg-
nized.

If the communication for an-EAN interface is faulty, the X will flasi}.[
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7.11 SETURS3
| SETUP 18 accessed by pressiigk S U4 | NN g 2NJ f CmBH Ay { 9¢

SETUP 18 General
SETUF 1...| < AZ»
==
General @
AddOns o
-

7.11.1 General
General-1

General-2 a
:?iﬁ:ation a: ﬂ
e reg-on| <
Tine Goisdite <@GE®
Iﬁggtrast 5] a

The controller'ddentifier, participant name, date, time, and the contrast of the LCD are set
in the 'General 1' menu.

The identifier is the controller's ID and consists of a letter and, optionally, a numbey:- If se
eral controllers are connected to thelFAN, they must ha unique identifiers in order to
guarantee a falt-free operation. The station namis a user definedname that consists of
up to eight characters (no blank possible)
This is also where the recorder's repository (Characteristic S1) and the Logbolsted.de

7.11.1.1 Password protection

To restrict access to the RIBBIA, passwords are set and changed in the 'General 2" menu.

The password protection only blocks the change of parameters. All parameters and
measured values can be checked on the RBAA screen if the password protection is
active.

In total there are five different users availablevery user is able to define itsvn pas-
word. The password consists of six numbers out of the range from ofinetfd, 2, 3, 4, 5]

The login of a user is recorded in the logbook.

Activation of the password protection

The password protection becomes active as soon as the password for user 1 (Master user)
gets defined. The users are also activated by definingwrasls for them. For security ae
sons the password has to be entered twice (two dialogs).

Page’8 SETUP
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Changing the password of an existing user

To change the password of an existing user the user of the user 1 has to log on. After that
the according user must be seledtin the password menu by the F1 to F5 key. The new
password is entered in the upcoming password dialog and verified in a second password
dialog.

Changing of passwords
The User 1 is able to change all passwords (passwords are not visible orot
cess). All other users are only able to change their own password.

Switch off password protection and erase user 2to 5
¢KS LI aag2NR LINPGISOGA2Y Aa asghiriaoOKS$s
2

LF GKS LI aag2NR BMvem@BdN akg2F 90
Both operations are only available for user 1.

Login

The login screen comes automatically up if you are about to change a password protected
parameter or the password protection itself. In the first dialog yoesethe user 1 to 5. In

the following dialog you put in the according password. Afteuecessfulogin the parane-

ter change is carried out. After that the system is open for five minutes. Every interaction

on the REE&DMA panel (pressing a key) extendssttime by five minutes. That means if you
OKIFy3aS a2YS LI NIFYSGSNARA Ad0Qa y20 ySOSaal NB G2
system is closed (password protectiaative) five minutes after the last interaction on the

panel.

Imitate activation ofthe password protection

The password protection normally becomes active after a tpagod of 5 minutes after

GKS tFad AYyGSNIOGA2Yy 6AGK {KSEkpySetiasy keg)LINS & a
in the menu SETUR\General2\t a2 ¢g2NR A0Qa LI2aaArofS (2 AyAdl
protection.

Delete the password of uset
L¥ GKS LI &dag2NR 2F dzaSNI m A& asi

protection of the device is switched off. The passwords of user 2 to 5, if they
are still there and will be recovered if the password for user 1 isageinto act-
vate the pasword protection
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Forgot your @ssword

In case you forgot your pasg 2 NR A G Qa LlRraairoftsS (2
by entering a device specific code via terminal progr@herefore please conta
the REGSys Supporefisyssupport@aeberle.de, +49(9)11/628104.01).

7.11.2 Functions:

This is where the language, screen saver (activation after 60 min) and the behaviour after a
power supply interruption are set.

If the parameter '"MAN after reset' is set to 'Yes', the controldl be in manual mode after

a reset (sysreset or power supply interruption).

If the parameter is set to 'No', the controller will be in the same mode as it was before.

7.11.3 State

This is where information about the firmware version of the RB@\, the size of the RAM
and the condition of the battery is read out. It is also where the software characteristics,
the COM andELAN status,Arograms and the error status can be viewed.
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8. Download of a background program {tode)

In the following the dwnload of a backgrountdIN2 I3 NJ Y & A (K

GKS a27F0g1 N

described in detail. As an alternative also the parameterization soft&&rd oolboxan be

used.
Accessories:
- Zeromodemcable (see connectionaljram at chapter 7.10)2

- PGSoftware "REGpdate"(Update32.exe)

The Following steps are necessary:

1.) With the zeremodem-cable connect the REBMA via COM1 with a free COM

interface at the PC.

2.) Setup COM at the regulator
Choose the menu: "Setup12"RS232- "COM1"
The following steps armeecessary:

Parameter ‘ Value

Mode ECL

Baudrate 9600 (choose able)
Parity --

Handshake RTS/CTS

3.) Start of the P&Software

Use the program "REGUpdate"(Update32.exe) under the operating systems

Windows 95/98 /NT / XP /7 und 8:
3.1 Choose the language

3.2 Choose the corresponding COM
3.3 Choose the connected device

4.) The baudrate at th&kREGDMAmust be the same as the PC. Compare thedbaie
at the REEDMA with the baudrate in the updte program under merypoint:

"Configure'¢ "baud rate"

Download of a backgund program (kcode)
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Information:
- The standard value of 9600 Baud is in praxis approved for download of

backgroundprograms ("RE®& download") and should be changed only in

exceptional cases.

- The standard value of 115200 Baud is in praxis approved for firmupatates.

5.) Download of the backgroungrogram ("RE& download")

Choose in program "REGUpdate" the menu "UpdatéREGL Download.." and
choose the corresponding backgroufike.

If you have chosen the type of the file, the fitting files will be suggested.

Deuice type Background program
extension

REGD(A) *.rgl

PAND *.pnl

REGDP(A) * dpl

PQID *.pql

REGDM(A) *.dml

MMU-D *mml

6.) The message "RH®JA is now ready for use" (transmission ok) indicates a

successful download

7.) For transferring dackground program from the regulator to the PC please choose
GwdqdD dzLJ 2 RX¢é Ay ERRSIYR 22 TR XEwW9 D

Page32
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9. Download of firmwareand Byotloader

The steps for downloading the firmware are basically the same as for downloadindg-a bac
ground program.

The Bllowing steps are necessary:

1.) With the zeremodemcable connect the REBMA via COM1 with a free COM
interface at the PC.

2.) Start the bootloader of the REGMA

Enter the statusmenu and hold the FXey pressed until the bootloader starts
"Seupl3d - "State' - F1 pressed

The followingCOM settingsare necessarfor firmware and bootloader updates

Parameter ‘ Value

Baudrate 115200
Handshake RTS/CTS

3.) Start of the P&Software

Use the program "REGUpdate"(Update32.exe) under the operating systems
Windows95 /98 / NT / XP / 7 und 8:

3.1 Choose the language
3.2 Choose the corresponding COM
3.3 Choose the connected device

4.) The baudrate at thREGDMAmMust be the same as the PC. Compare the baudrate
at the REGDMA with the baudrate in the update program undenenu-point:
"Configure"¢ "baud rate'
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5.) Download otthe firmware("new Firmwar&) or bootloader {new Bootel)

Choose in program "REGUpdate" the menu "Update'hew Firmware" and
choose the correspondinfiymware file

If you have chosen thigpe of the file, the fitting files will be suggested.

REGD(A) hr*.moc/mot
PAND pan*.moc/mot
REGDP(A) dp*.moc/mot
PQID pgi*.moc/mot
REGDM(A) dm*.moc/mot
Bootloader boot*.moc/mot

6.) The message "RHBA is now ready for use" (transmission ok) indicates e- su
cessful download

WP REG-DMA is now ready for use !

k.
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10. Increasing the system's hardware resources

To increase the number of channels, multiple interface cards caobeected on the COM

3 (RS485) peripheral interface. Interface cards are available for analogue inputs and outputs
(ANAD) as well as for binary inputs and outputs (BIN It is also possible to communicate
directly with other devices through the COM3/Miodis converter.

10.1  Additional inputs and outputs
The ANAD interface card can be supplied with either eight analogue inputs or eigit an
logue outputs. It is not possible to combine inputs and outputs on one card.

The BIND interface card can be supplied with either eight relay outputs or sixteen optically
decoupled binary inputs.

ANAD and BIND interface cards can be combined on COM3 as desired.

E-LAN E-LAN
COM 2
COM 3
l & REG-DMA oA @ eBarebeﬂz @a{b!ne eBarehﬂlz @ubenz
Az REG-THA BTiSTid2
Trans. State >
U 0i -
— o -
A
m
o L5
mA
- e DD g
() @ ] [+]
= ,  BIN-D ¢ BIN-D ANA-D , ANA-D
16 binary 8 binary 8 analogue 8 analogue
inputs outputs inputs outputs
(characteristic E3) (characteristic E2) (characteristic E3) (characteristic E2)
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10.2 COM3/Modbus (RTU Master) Converter
The COM3/Modbus converter enables serial communication with any sensor or device that
supports the Modbus RTU protocol (slave). This enables temperature, gas in oil and amb
ent measurements to be directly recorded and processed. ConversionroAeBignal is no
longer necessary. The recorded data can be used and recorded for monitoring, and of
course transferred to the control system.
® ReG-DMA
SERVICE [0) [ATREG-DMA___ Brisriaz)|
BLOCKED [0} Trans. State
— wi,  BY.O°
] i Y
] pilpl
® § DO D
Ny Do oo
>
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Temperature measurement

As described earlier, there are two ways of measutimegoil temperature:
The temperature ginal is supplied by mperature transducer as a 4 .. 20 mA signal.

The temperature signal is supplied by al@D sensor in a threwvire circuit.

Accuracy considerations

From a measurement standpoint, the accura¢yre hot-spot temperature recording isse
sentially influenced by the oil temperature measurement.

Calculating the hespot temperature from the measured oil temperature does not @atr
duce any additional errors.

The measuring chain:

Temperature REG-D hOt't

transducer ?po X

PT100 emp.
A

| | | | | uP |
9 D -
loss of life

0.1% 0.2% 0.15%

Error determination

Assuming that the error in the resistance thermometer PT100 in temperature range 20 to
140°C does not exceed 0.1%, the average total error is achieved when using the proposed
temperature transducer:

The average error is:

Q@ mpPS TRPC Tip p©
'Q Tt ¢
The maximum error is, however:

Qaoe TP T TP W

"O it Wb
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In the case of the buiin PT100 module, the average error is:
O the average erroris: 0.13 %
0 and the maximum error is: 0.35 %

Note:
All errors are relativéo the measurement range maxalue.
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12. Maintenance and power consumption

12.1  Fuse replacement

/\ DANGER! Electric shock
Injury or Death

A Disconnect the device from difle circuitslike aux. supply
measurement circuits and so drefore changing the fuse.

Required fuses:

0 Characteristic HO: Microfuse T1 (inert) 250 V,(brdler no. 582.1002)
O Characteristic H2: Microfuse T2 (inert) 250 V,(@rder no. 582.1019)
The fuse holder is in thREGDMA's terminal compartment.

A:REG-IMA ar:iSTi42
Trans. State

a- BAYH.O

>

L F2
Cooling I—I ¢
level

<>

==

SERVICE (o)

el 111, |

H+ +1 turn Pade

MEcoloX K X X X X X X JNoi

100101102103104105106| 107108109110 111 112113 87 88 89 90

QOO DODDDDD DD
1 2 3 4 5 6 7 8 9 10
2|2 |2|B|2|0|B|2|2|@

ENEEEEEEEDN
21 22
%|u|u|7 &

33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
| ) | (%7

11 12 13 14 15 16 17 18 19 20
7| |

23 24 25 26 27 28 29 30 31 32
7| m| |

&

' TI250V, 1A
Microfuse 12550 v, 24

Maintenance and power consumption
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12.2

Battery replacement

/\ DANGER! Electric shock
Injury or Death

A Disconnect the device from dille circuitslike aux. supply
measurement circuits and so on before changing the battery.

The RE®MA's battery is behind the front panel. This means that the four set screws must
be removed from the front panel so it can be opened and the battery replaced.

NOTICE: The connection cable is on the far Iside of the front panel. Thi
cable mus not be damaged when opening the front panel. If |
cable was unplugged, make sure it is plugged in properly afte
front panel is put back in place.

Devices delivered before September 2013:

All of the parameters are lost @son as the battery isemoved!

For devices with a dual connector, insert the new battery and then remove the old battery.
Required battery:

O Lithium 3V Type CR14250 with cable and connector (order no. 570.0003.00)

Service life:

0 When the RE®MA is in storage (no auxiliary vai&) > 6 years

0 When the RE®MA is in usevith a switchon time > 50% > 10 years

We recommend letting the factory change the batteries.

Devices delivered after September 2013:

The sole purpose of the battery is to support the riale clock. Thisneans that no data
are lost when the battery is removed. The time may have to be adjusted tieenew ba-
tery is installed.

Required battery:

O Lithium button cell 3 V e CR1632 (order no. 570.0005

Service life:
0 When the RE®MA is in storage (no auxiliary voltage) > 6 years
0 When the RE®MA is in usevith a switchon time > 50% > 6 years

We recommend letting the factory change the batteries.
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13.

14.
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Power consumptiorREGDMA

Measurement results
Switchon spike at 100 V DC:

Messung bei Peak
6 — 50 VAC ca.25A
5= 100V AC ca. 6,0 A
s 150 V AC ca. 7.5A
230V AC ca. 10,0 A

52V |3 —
S52A

I I
7ms
fo————

Notes on storage

The devices and related spare components must be stored in rooms that are dry and clean
at a temperaturen the range o0f25°C to +65°C.

The relative humidity may not result in the creation of condensation or ice.
It is recommended to limit the storage temperature to a range of +0°C and +55°@-to pr
vent the electrolytic capacitors from ageing prematurely.

It is also recommended to connect the devices to the auxiliary voltage every two years to
train the replaced electrolytic capacitors. This should also be done before the device is put
in service. In extreme climate conditions (in the tropics), this also gaehthe device and
prevents condensation.

Before the device is put under voltage for the first time, it should lie in the technical room
for at least two hours to equalize the temperature and prevent humidity and condensation.

Notes on cleaning

Use a short, slightly damp, lifitee cloth. Make sure no liquid gets in the housing. Do not
use window cleaner, household cleaners, sprays, dissolvent, cleaners that contain alcohol,
ammonia solutions or abrasive cleaning agents.
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15.

16.

NOTICE: Donot clean the device with unsuitable products!
This can damage the surface of the device and remove markings
Please follow the cleaning instructions above

Disposal

Disposal note for EU member states

To preserve and protect the emghment, prevent pollution,
and improve the recycling of raw materials, the European
Commission issued a directive that requires manufacturers to
take back electrical and electronic devices so they can be
properly disposed of or recycled.

The devices withthis symbol are not allowed to be disposed

_ with normal solid household waste:

Special note for customers in Germany

The electronic devices manufactured by A. Eberle are intended for commercial use. These
devices may not be disposed of at municipal reogctientres for electrical devices, but are
taken back by A. Eberle.

If you have question, please contact us by phone or email:
+49(0)911628 1080
info@aeberle.de

If the device is not operated within tHeuropean Union, the national wastesposal
regulations in the respective country must be respected.

Product Warranty

The guarantee period is three years starting on the delivery date.

The guarantee lapsestiie controller is retrofitted by an unauthorized agent. The guara
tee remains unaffected if the device is returned to A. Eberle for modification.
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17.

17.1

Technical Data

Technical Specifications

Regulations and standards

IEC 61014 / EN 61014

CAN/CSA C22.2 No. 10102

IEC 6025%22-1 / EN 602582-1

IEC 61324 / EN 61326L

IEC 60529 / EN 60529

IEC 60064 / EN 60068

IEC 60688 / EN 60688

IEC 61008-2 / EN 610065-2

IEC510066-4 / EN 61006&5-4

IEC 6100®-5 / EN 610065-5 (in preparation)

UL Certificate Number 050509242284

Certificate of Compliance

Camtcm e 050505 - EMZZM
st Radorwce. E242284, April Tih, 2005
b D 2005 May 5

@iz
Laboratories Inc..

mued: A EBERLE GMBH & CO KG

AALENER STR 3032

90441 NUERNBERG GERMANY

This bs o centify that  Voltage Regulator
REGDA

representative samples of  Viodek

Huve been investigated by Underwriters Laboratortes Inc. % in
accordance with the Standardfs) indicated on this Certificate

Standand(s) for Safety:  VL6INOC-L -Safery for

Precew Conerol Equpment
A G213 Na. 16101.4.93 - Safety of Elnctrical Equipment for Measaressent Control snd
. Part 1. Cencral Requiremests

Laburatory Use

Additional Information: ~ ELECTRICAL RATING

AC voltage inputs (5 \

Measuring voltage
Ue

0..160V
The nominal value can be
selected in the software

tion

Shape of the curve | Sine
Frequency range | 16...50....60...65 Hz
Internal consurp- | ¢ U?/ 100 KW

Overload capacity

230 V AC continuous

AC input

Measuring current | 1 A/5A

In (can be selected in the dof
ware)

Shape of the curve | Sine

Frequency range | 16...50....60...65 Hz

Control range 0..In..211In

Internal consurp- | ¢ 0.5 VA

tion
Overload capacity

10 A continuous
30Infor10s

100 In for 1 s (max. 300 A)
500 A5 ms

Analogue inputs (Al)

Quantity See order specifications
Input range
Y1...Y2 -20mA...0...20 mA

Y1 and Y2 programmable
Control limit +1.2Y2
Voltage drop X mep £
Potential isolation | Optocoupler
Commonrmode > 80 dB
rejection
Seriesmode reje- | > 60 dB / Decade from 10 H
tion
Overload capacity [ pn Y! O2yiGA
Error limit 0.5%

The regulator comes with an analogue input (e.g.
for the tap position indicator).

The inputs can be continuously shaitcuited or
operated open. All inputs are galvanically isolated
from all of the other circuits.

Temperature input PT100

Quantity onePT100 input at Level
[l possible
two PT100 inputs at Leve
Il possible

Threewire circuit

Type of circuit
Current through sensor < 8 mA
Potential isolation Optocoupler

Line compensation No compensationa-
quired

Transmission behaviod linear

Technical Data
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Resistance input (tap change potenticen Binary inputs (BI)
ter, WidMod) 10V..50V
Quantity See order specifications H- Level X Mn o+
Connection Threewire, convertible to L-Level <3SV
four-wire Input resistance cey 1m
Totglt resiﬁtqnce inthel wmY H 1 m yn + X HpA
resistor chain woY HA 1m H- Level X yn +
Tap resistance adjustable L- Level <40V
WMY pXMan mi Mpn = X HpA
woY p wxkninl nLa H- Level X MTC +
Number of stages X oy L- Level <88V
Potential isolation Optocoupler Signal frequency DC, 40 ... 70 Hz
Curl‘enj[ through res- max. 25 mA |nput resistance MYy 1 M S E c
tor chain : : : Potential isolation Optocoupler;
The measuring device has a brokeinre detec- Groups of four,
tion. each galvanically isdla
Anal P ed from each other.
fel gue OLIpUIS S ) d ificati Debouncing Software filter with
Quantity ee order specifications integrated 50 Hz filter
Output range
Y1..Y2 -20 mA...0...20 mA
Y1 and Y2 programmable
Control limit +1.2Y2

o 1 K—o
Potential isolation Optocoupler
Burden range noX ow XK y + O_E_ 0O

Alternating comp- <0.5% of Y2
nent Figure 10:Simplifieddiagram of a binary input

The outputs can be continuously shaitcuited Binary outputs (BO)
or operated open. All output connections are R1..R13(. R1R25)

. L max. switching - Mmoo
galvanicallysolated from all of the other circuits. g x
quency
Binary inputs (BI) Potential isolation Isolated from all device
Inputs E1 ... E16 (... E22, ... E28) internal potentials
Control signals §J in the AC/DC range Contact load AC: 250V, 5 A (cos 1.0)
48V ...250V, AC: 250V, 3 A (cos: 0.4)
10V...50V, Switchingcapacity max
80V ... 250V, oo A oo M
190V ...250V o
in accordance with DC: 30V, 5 A resistive
Characteristic Dx DC:30V,35AL/R=7Tm
Shape of theurve, pe- | Rectangular, sinusoidal DC: 110V, 0.5 A resistivg
missible DC: 220V, 0.3 A resistivg
48 V...250 V Switching capacity max.
H- Level X ny = 150 W
L- Level <10V
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Binary outputs (BO)

Inrush current

250V AC, 30V DC
10 Aformax. 4 s

Switching operations

X  p°electical

Display

LC- Display

128 x 128 displays graphics

Lighting

LED, switches off after 15 min

Indicator elements

The regulator has 14 liglemitting diodes (LED)
LED Service Normal operation Green
LED Blocked Faulty operation Red
LED 1 ... LED 8 | freelyprogrammable | Yellow
LED 9 ... LED 12 freely programmable | Red

Each LED can be labelled on site.

If the labelling wishes are known at the time of order
placement, labelling can be done at the factory.

A to D converter

Type

Successive approximation

Resolution

+/- 11 bit

Sampling rate

24 samples per period, e.g.
1.2 kHz for a 50 Hz signal *

*The measurement inputs have an aaliasing

filter.

Reattime clock (RTC)

Accuracy

+/- 20 ppm

Buffering

Lithium button cell

Limit-value monitoring

Limit values

programmable

Response times

programmable

Alarm indicators

LEDs are programmable or ar
programmable on an LCD

Measured quantities (optionally as mA

value)
TRMS voltages

Ui, Ug, Usn 6 XK N1 D H

Current TRMS

Active power

|1,|2,|36)K noH p':‘,\:
t 00X nop:o

Reactive power

v 060X nopzo

Apparent power

{ oO0X nopzo0

Power factor

cos 060X ndp:o

Phase angle 0X noplzo
Reactive current [-sin 6K M30
Frequency T o0X nonpl:y

Reference conditions

Reference temperature | 23°C £ 1 K

Input quantities Us=0..160V
[e=0...1A/0..5A

Auxiliary voltage H=Hn+1%

Frequency 45 Hz...65 Hz

Shape of the curve

Sinusoidal, form factor
1.1107

Burdenonly for Characteristics
E91...E99)

Rn=5V/Y2+1%

Other

IEC 60688Part 1

Electrical safety
Safety class

Degree of pollution

2

Measurement category
Measurement category

IV/150 V
111/300 V

Operating voltages

50V 150 V 230V

ELAN, Voltage Auxiliary voltage,

COM1 ... COM3 | inputs, binary inputs

Analogue inputs, | current (E1...E16),

analogue outputs | inputs relay outputs

inputs 10...50 V R1...R13),
Status

Techrical Data

Paged5



We take care of it.

Transmission behaviour of the analogue Electromagnetic compatibility

outputs Electromagnetic IEC 6100&-3\80 ¢
Error limit 0.05% / 0.25% / 0.5% / 1% rela fields 2000 MHz: 10 V/m
ed to Y2 (see ‘Measured Fast transient IEC 6100@-4 4 kV/2 kV
guantities")
Surge voltages IEC 6100@-5 4 kV/2 kV
Measurement | XX mg1
cycle time Conducted HF signal IEC 6100@-6
150 kHz; 80 MHz: 10 V
Powerfrequency \ [EC 01006-8
EMC requirements EN 61326 magnetic fields 1.00 A/m (50 Hz), B
Equipment class A tinuous 1000 A/m (5(
Continuous, unmonitored Hz),1s
operation, industrial area Voltage dips IEC 6100@-11
and EN 61006-2 and 30% /20 ms, 60% /1 s
610006-4 . .
— Voltagenterruptions | IEC 6100@-11
Interference emissions 100% / 5
gg Z?T:Ji(;;?gnand radta Em gigggﬁlable 3 Damped oscillations | IEC 6100@-12,
Harmonic currents EN 610068-2 Class 3, 2.5 kv
Voltage fluctuations EN 610068-3
and flicker
Disturbance immui | EN 61326 Table Al ai
ty EN 6100&5-2
ESD IEC 6100®-5
6 kV/8 kV contact/air
Test voltages* Description Test voltage / kV Feedbackcontrol loops
Auxiliary voltage Uy 2.3 COMs, AQ, Al
Auxiliary voltage Up 2.3 BIl, BO
Measuring voltage U 2.3 COMs, AQ, Al
Measuring voltage U 3.3 U., BE, BA
Measuring voltage U 2.2 [
Measuring current [ 2.3 COMs, AQ, Al
Measuring current [ 3.3 U, BE, BA
Interfaces, COMs COMs 2.3 BIl, BO
Analogue outputs AO 2.3 Bl, BO
Analogue outputs AO 0.5 COMs, Al
Analogue inputs Al 2.3 Bl, BO
Analogue inputs Al 0.5 COMs, AO
Binary inputs Bl 2.3 Bl
Binary inputs Bl 2.3 BO
Binary outputs BO 2.3 BO

* All test voltages are AC voltages in kV that can be applied for 1 minute. The COMs are tested against
each other with 0.5 kV.
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Power suppl 17.2  Mechanical configua-
Characteristig HO H2 .
AC yp X HC|C tion
bC 88 ...280 V 18..72V Housing Sheet steel, RAL 7035 ligh
Power cao- X op !¢ grey
sumptionAC High 325 mm incl. PG connectol
Power co- K Hp 2 |XK Hp 2 Width: 250 mm
Frequency 45 ... 400Hz C Mounting dept 87 mmq} L3
i c dn
Microfuse T1250V T2 250V We'ght >K -
The following applies to all characteristics: Housing doors with silicate glass
Py A . Front anel Plastic, RAL 7035 gre
+2t0F3S RALIA 2T X Hp Ya adz G Y& Ak backels
nor malfunctions. Control panel cubut
Ambient conditions | High 282mm
Temperaturerange Width: 210 mm
Function -15°C ... +60°C Protection type IP 54
Transport and storag¢ -25°C ... +65°C Protection type with
Dry cold IEC 6006&-1, brush seallng IP 12
-15°C/16h
Dry heat IEC 600622, Conductor cross section and terminal
+65°C/16h
Humid heat constant | IEC 6006&-78 torque
+ 40°C / 93% / 2 days Level _ll:_unct.lonll tCo/ndu:-2 Torque
Humid heat cyclical | IEC 60068-30 erminatno. | tor mm -
12+12 h, &ycles +55°C / flexi | solid | Nm
93% ble
Drop and topple over| IEC 60062-31 ' Measurement
100 mm drop height, 1o Inputs 4 6 0.6
packaged 1..10
Vibration IEC 6025%21-1, Class 1 ' Bls, relays,
auxprogs. 25 |25 0.6
Shock IEC 602521-2, Class 1 MMX e
Earthquake resistanc|{ IEC 602521-3, Class 1 I Control system
all except
XW90..93+97+9| 0.5 | 0.5
Storage \ 8
Firmware and Flashstorage y T Xy
additional recod- T Control system
er data only ’
Device characte |Aa SNA I f 99t wha XW90..93+97+ (25 |25 |0.6
istics and write/read cycles 98
calibration data y T Xdn
Other data and MRAM, Il Extensions
basic recorder No buffer battery needed €90..99 25 |25 |06
data MAnNXMMO
1] COMs, Als
1.5 |15 0.25
CMXYCKH]/J

Technical Data
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281 x 209

=

87

Figure 11: Mechanicadimensiongn mm

307

REG-DMA

a-eperle A\

Tr"ar\s. State >
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14| e
DO OOD
DO OO
<> 23

REGSys™

www.regsys.de

e | e | e o)

250

Panel mounting
Rear view

Cutout
282 x 210 mm

Figure 12: Mechanical dimensions,-4manel mounting
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127

]

=

(&) @
Standard DIN- rail mounting
Rear viev
|:j E:|
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Figure 13: Mechanical dimensions, Difdil mounting, in mm
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Figure 14: Mechanical dimensions, watiounting, in mm
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General information abouthe connection tet-
nology

The regulator has three printed circuit boards or
connection levels.

Level Ill rﬁ]
Level Il =A j
Level | T |

The auxiliary voltage, the inpultage, the cu
rents, the relay outputs, binary inputs etc., are
connected orLevel |

The hardvare for all control system connections
is onLevel Il

The corresponding connection elements on Level
[l must be used for RS232 and RS485 connectio

technology.

When working with an Ethernet connection
(coupling required for IEC 61850, IEC 60870
104 orDNP 3. O over Ethernetl) the corresgbn

(RJ45 and/or fibreglass ST or LC).

For fibre optical connections up to a baud rate of

19200 (e.g. IEC 608B3101 or 103), the conre
tion elements (send and receivdode as ST or
FSMA connection) are directly mounted on the
flangeplate where they can be connected it
out opening the device.

Additional binary inputs and outputs, and mA
inputs and outputs can be installed on Level II.

There are two slots that can be @igped with
the following modules:

Module 1: 6 binary inputs AC/ 48 V...250 V
Module 2: 6 relay outputs

Module 3: 2 mA inputs

Module 4: 2 mA outputs

Module 5: PT10Q; input

The connections for each of the COMs, the E
LAN, the analogue inputs and outputs and for
PT100 direct input (E91 + E94) areLewel Il

Optical interfaces

The RE®MA regulator can also be directlyrco
nected through a fibreptic interface.

Transmission and receiver equipment is available
for fibreglass and synthetic fibre optic cables.

It is also possible to choose between different
mechanical connection options (ST, FSMA and LC
connection technology)

Please refer to the lisof characteristics for an
overview of the available options.

Figure 15:Fibre optical connection ($®nnec-
tion technology, V17, V19)

Figure 16:Fibre optical connection (FSMAneo
nection technology V13, V15)

Pagel00
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1) TA=0..70°C, IF = 60 mA, measured after 1 m
fibre optic cable

Opticalreceiver
Serial communication up to 19200 baud
(Characteristic V13 ... V19)

Prod- Wave Fibre

uct length

Fibreglass| < T' y|100/140 |-24.0 -10.8

ST nm >Y
Fibreglass NA=0.3
Figure 17:Fibre optical connection (1 x Ethernet | FSMA
ST, XW93) Synthetic | < ' c¢| 1 mm POF|-20.0 0.0
Optical transmitter ST nm Wnn >|-220 |-20
HCS

Serial communication up to 19200 baud
(Characteristic V13 ... V19)

Wave Fibre Pmin

Plastic < TI' c|1mmPOF|-21.6 2.0
FSMA | nm Hnn >|-230 |-34

length [dBm]
1)

Communication over Ethernet 100 Mbit (100

Fibreglass YIp 1 KMH Base Fx)
ST nm NA=0.2 (Characteristics XW92, XW93.x, XW95.x, XW96.1
Fibreglass 625/125 |-160 |-9.0 and XW98)
FSMA > v
NA=0.275 Prod- |Wave Fibre
100/140 |-105 [-3.5 uct
>Y
NA=0.3 .
Fibreglass| 1310 nm | 62.5/125
Hnn >|-6.2 +1.8 >Y
HCS i NA=0.275
NA=0.37
Synthetic | < T ¢/ 1mmPOF|-7.5 | -35 2) TA=0...70°C, VCC = 5 V+5%, output level LOW
ST nm Hnn >|-18.0 8.5 .
HCS (active)
Plastic < T ¢/ 1mmPOF|-6.2 0.0
FSMA | nm HAn >|-169 |-85
Communication over Ethernet 100 Mbit (100
Base Fx)
(Characteristics XW92, XW93.x, XW95.x, XW96.1
and XW98)

Prod- Wave Fibre Pmin Pmax
uct length [dBm] [dBm]

Fibreglass| 1310 nm | 62.5/125
>Y
NA=0.275

Technical Data Pagel01
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17.3

Terminal configuration

Option M1* | M2* | MO*
2 Measu- |Ula |U, |Ula
5 ing Ulb |U, |Ulb
8 Measu- | _ Us | U2a
10 |ing ; uz2b
— |1 S1 .
F>) 3 S2 Current input {
3 S
4 1 .
6 S2 Current input §
7 S1 .
9 S2 Current input 4
21 | L/(+) _ -
22 | UE Uy = Auxiliary voltage
63 | mA input + Al
64 | mA input - Al
61 mMA input or ot~ + A2
put
62 mMA input or ot- A2
— put
% 65 mft\ input or ot + A3 "
o p
66 mA input or ot- A3 &
put
67 mMA input or ot + A4 J
put
68 mA input or ot- A4 68
put =
11 |Binaryinputl | freely programmable
12 | Binaryinput2 | freely programmable
13 | Binaryinput3 | freely programmable
14 | Binary input4 | freely programmable
— |15 |Binaryinput 14 | GND
% 16 | Binaryinput5 | freely programmable
= (17 Binary input 6 | freely programmable
18 |Binaryinput7 | freely programmable
19 |Binaryinput8 | freely programmable
20 | Binary input 58 | GND
23 | Binary input 9 | freely programmable

24 | Binary input 10 | freely programmable
25 | Binary input 11 | freely programmable
26 | Binary input 12 | freely programmable
Binary input
27 9,12 GND
28 | Binary input 13 | freely programmable
29 | Binary input 14 | freely programmable
30 | Binary input 15 | freely programmable
31 | Binary input 16 | freely programmable
Binary input
32 13..16 GND
33 — |freely
program- Rs
34 | o~ mable
385 | |freely
program- Ry
36 | — 1~ mable
37 freely
program- Rs
38 | — 1~ | mable
39 11—
40 | ——+—|freely
| program- R
41 I mable
42 — L —
43 | T T ]
44 —t—| freely
| program- R
45 | mable
46 | — 1 Lt
— freely pro-
47 /]/_ grammable R
I
1 freely pro-
48 /|_ﬂ grammable Rio
_ 1 freely pro-
= 49 /:/_ﬂ grammable R
>
<4 | freely pio-
-
50 /l/_ﬂ grammable Rs
I
S freely pro-
51 /|_ﬂ grammable R
S freely pro-
52 /l/_ﬂ grammable R

Pagel02
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53 GND IRGR
54 — — ;I?jslzts in the event o
55 | ——L 4| Life contact (status)
56 ! opens in the event ol
— _L—|afault
57 | — ——|MAN
58 | ———%| MAN/AUTO
59 —— L—— | AUTO
69 E
70 E+
71 |EA ELAN (L)
72 | EA+
2000 | GND
73 E
74 E+
75 |EA ELAN (R)
76 | EA+
2010 | GND
77 Tx+ T\
78 Tx
79 | Rx+ > COM3 (RS485)
% 80 |Rx
2181 |GND
82 |TxD 7\
83 | RxD
84 |RTS > COM2 (RS232)
85 CTS
86 |GND _J
202 |DCF 7\
203 [E)Ef \~ DCF 77
204 | GND Y,
205 [TxD )
206 | RxD
207 |RTS > COML-S
208 | CTS
—

209 | GND
210 | GND Voltage output 5 VDC
211 |vee+ J (max.2w)

Terminal configuration for the control
system see page07

Please refer to Terminal Configuration
Level Il (pag&05) for additional confi-
uration options at Level Il.

Level Il

*QOption M1 Used for standard applications.
Threewire grids are generally considered as symmetrical (11
=12 =13).

Option M20Only used in randomly loaded thrgdase grids
oLmM  LH  Lo0®

Option M9For triplewound applications, two galvanically
isolated voltagenputs are needed for U1 and U2.

*x The DCF77 input will be implemented in a later
version of the firmware

The configuration of terminals 23 to 32 will change according
to Characteristic D. The configuration for DO/ D1/ D3/ D7/
D9 is displayed.
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100101102 103104105106 107108108 110 111 112113

1 2 3 4 5 6 7 8 9 10

21 22

% REG-DMA core A @
SERVICE R0 [FEEEED A N A
BLOCKED [© Trans. State >
: : =
w. B4 0 ==
Cooling I—I a
level
|
gl
€ +! turn Pade
©
® DO OOD
g o1

87 88 29 90 91 92 93 04 n

1112 13 14 15 16 17 18 19 20

23 24 25 76 27 28 29 30 31 32

vCcC

Level Il

coM 1

Ethernet connection Level Il

(IEC 61850, IEC 60870-5-104)

Level |
Binary inputs

Binary inputs

100101102 103104105106 107108108 110 111 112113

1.2 3 4 5 6 7 8 9 10

21 22

33 34 35 36 37 36 39 40 41 42 43 44 45 45

87 88 89 90 91 92 93 04 ﬂ

11 12 13 14 15 16 17 13 19 20

23 24 25 26.

47 48 49 50 51 52 53 54 55 56 57 58 50 60

Ethernet connection Level Il
(IEC 61850, IEC 60870-5-104)

L}
|

Level |
Binary inputs
Tap-change
potentiometer input

| Relay outputs

Position of the terminal connections
Characteristics DO, D1, D4, D7, D9

I 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 53 60
| Relay outputs
Position of the terminal connections
@ Characteristics D2, D3, D5, D6, D8
REG-DMA a-cerie A\
SERVICE [0 'A:REG-DMA  @r:57:42] L
BLOCKED [0 Trans. State o>
r oc 9
w40 ===
Cooling l—I o
level
I e
LTI pp—
€ +1 turn Pade
®
@ DTS DD
P vce
COM 1 Level Il
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17.4  Terminal configuration

Level Il

Characteristics: C90...C99

Characteristic C9q (e.g. 2 x PT100, otherco
binations are possible)

o 100 Ik+
2 1101 Ue+
3 PT100 Al10
§ 102 Ue
103 Ik-
o 104 Ik+
L 1105 Ue+
3 PT100 Al2
o 106 Ue
= 107 Ik-

Characteristic C9¢, 6 additional binary inputs
AC/DC 48V ... 250 V

100 |Binary input E17
101 |Binary input E18
; 102 |Binary input E19
.§ 103 | Binary input E20
= | 104 |Binary input E21
105 |Binary input E22
106 |GND I9ImT X

Characteristic C92 12 additional binary inputs
AC/DC 48V ...250V

100 | Binary input E17
101 |Binary input E18
3 102 |Binary input E19
.§ 103 Binaryinput E20
= | 104 |Binary input E21
105 |Binary input E22
106 |GND I9mT X

107 | Binary input E23
108 |Binary input E24
:‘) 109 |Binary input E25
.§ 110 B?nary ?nput E26
= |111 |Binary input E27
112 |Binary input E28
113 |GND 9Ho0 X

Characteristic C98 6 additional relay outputs
(NOC)

100 ~— R12
101 ~— R13
~ 102 ~— R14
3 |103 ~— R15
2 104 ~ R16
105 S~ R17
106 Db5 wwMH

Characteristic C94 12 additional relay outputs
(NOC)

100 ~— R12
101 ~— R13
‘;‘) 102 ~— R14
3 |103 —~ R15
2 [104 S~ R16
105 — R17
106 Db5 wwMH
107 ~— R18
108 ~— R19
~ 109 ~— R20
3 [110 ~~ R21
S [111 ~ R22
112 - R23
113 Db5 wmy

Technical Data
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Characteristic C9§g 6 additional binary inputs
AC/DC 48V ... 250avid 6 additional relay du

puts (NOC)
No. |
100 |Binary input E1l7
101 |Binaryinput E18
; 102 |Binary input E19
.§ 103 |Binary input E20
= |104 |Binary input E21
105 |Binary input E22
106 |GND 9mT X 9
107 ~— R12
108 ~—— R13
E 109 ~— R14
2 (110 —~—— R15
S [111 ~ R16
112 —— R17
113 Db5 wwmH

Characteristic C96 2 additional analogue inputs

100 )
™ analogue input Al0
2 |101
>
g |20 I i All
S 103 analogue input

Characteristic C9¢ 4 additional analogue inputs
No.

100

101

analogue input

Al10

102

Module 3

103

analogue input

All

104

105

analogue input

Al12

106

Module 3

107

analogue input

Al3

Characteristic C98 2 additional analogue du
puts

Module 4

100 +

analogue output Al0
101 -
102 I tput ’ All
103 analogue outpu -

Characteristic C9§ 4 additional analogue au
puts

100 +
< analogue output Al10
% 101 -
-é 102 I tput i All
analogue outpu
103 g P -
104 +
< analogue output Al2
2 1105 -
>
° +
§ analogue output A13
107 -
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17.5 Terminal configuration

Control system Level Il

Characteristics: 2145, 17..23, 90, 91, 99,
-2 n Xy

Characteristics Z10..15, 17..20, 90, OREGP
communication interface

87 |RS48H: (B)
88 |RS48% (A)
89 |RS232IxD

90 |RS23RxD

91 |RS23RTS
92 |RS23XLTS
93 |RS23BND
94 |PE

RS48

COML1 fibre |PH COM1 RS232|COM

0|95 Fibre optic cable In |Fibre —

§ 96 |Fibre optic cable Ou Opglc F'b‘
cable |Fibre

o - -

2 97 |Fibre optic cabl&ND Mod- |optic

©|98 Fibre optic cabl&/CC|yle cable

Characteristics Z22..28REGM communication
interface

Characteristic Z2& REG.ON communication inte
face

o Fibre optic cable In |Fibre —
g2 Fibre optic cable Out Opgf F'bl
o2 i _ cable |Fibre
58S Fibre optic cablé&sND Mod- |optic
L Fibre optic cable VC( yle cable

Characteristic 29§ ProfibusDP communication
interface

= (1 |RS23aGND
923 2  |RS23%GND
< (3 |RS23RxD
S |4 [Rs23ZTxD
3 B-Line (Rx/Tx +)
5 5 4 |RTS
25|5 |GNDBUS
L6 [+5VBUS
8 A-Line (Rx/Tx)

Characteristic XW90..93+97+@REGPE cm-
munication interface

87 |RS23RxD

o 1392 |RS48P (A) o
S 3/93 [RS48m (B) = [88 |RS2321xD

© ®l94  [RS485GND % |89 |RS23:ND

o |87 |RS232xD ® |90 |RS23ZGNDSCR

g; 89 |RS23RxD ~ |91 [RS23RxD

< |88 |[RS23RTS Z |92 [RS232xD

3 [90 [RS23xTS X |93 |RS23GND

© 91 [RS23TND ® 94 [RS23ZGNDSCR

o 9|96 |Fibre optic cable In Fib_re —> - —

f 'c.g 97 |Fibre optic cable Ou 22&2 Fi;: % RJ45 or «—

= 8|95 |Fibre optic cabl&ND} 0 optic = | Connector Fibre optic cable
O ©198 |Fibre optic cable VQ yle cable (ST or LC)

S ~

& % Parameter Interface

D

Technical Data
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Characteristic XW94..96 REGPED communi:
tion interface

87 |RS48P (A)
88 |RS48m (B)
- |89 |[RS23arxD
3 |90 [RS23RxD
©  Jo1 [RS23RTS
92 |RS23XTS
93 |RS23:GND
o |94 |PE/shield
S [95 |PARAMRXD
é 96 |PARAMTXD
o [97 |PARAMGND
~ —
g RIS or «
2 | Connector Fibre optic cable
i (ST or LC)
~ —
S RIS or «
£ | Connector Fibre optic cablg
w (STor LC)

Pagel08
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Block diagram Characteristics DO, D1, D4, D7, D9
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mA output module.
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mA input module or a dual
The position is configured with a PT1®0dule if the temperature is to be recorded directly.

module comes as a dual

*) The dual
Technical Data




We take care of it.

17.7  Block diagram Characteristics D2, D3, D5, D6, D8

*) The dual module comes either as a dual mA input module or a dual mA output module.
The position is configured with a PT1®0dule if the temperature is to be recorded directly.
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