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PURPOSE OF THIS DOCUMENT

This document is a service manual, providing the reader with information on the RPH3 device, GE’s solution for “Point-
on-Wave” switching of High Voltage Switchgears. This manual aims to support RPH3 end users for the understanding,
installation, use and maintenance of the RPH3.

STATEMENT OF LEGAL AUTHORITY

This manual, including all illustrations contained herein, is copyright protected. Use of this manual by any third party is
forbidden. Reproduction, translation, and public disclosure, as well as electronic and photographic archiving or alteration
requires the explicit written agreement of GE GRID SOLUTIONS.

Violators are liable for prosecutions.

GE GRID SOLUTIONS reserves all rights in the case of patent award or listing of a registered design. Third-party products
are always named without reference to patent rights. The existence of such rights shall not be excluded.
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GE GRID SOLUTIONS reference documents
The following documents issued by GE GRID SOLUTIONS shall be referred to as complements of the present handbook :

[1] D1621EN

RPH3 USER’S MANUAL — Volume 2 - RPH3 Control interface
=> detailed description and user manual of the RPH3 embedded Man-Machine Interface (web-based)

[2] D1622EN
RPH3 USER’S MANUAL - Volume 3 — RPH manager
=>» detailed description and user manual of the PC based software tool “RPH Manager”, to be used as a viewer
of RPH3 event records.

[3] NOT 200.8550A
RPH3 USER’S MANUAL - Volume 1 — RPH3 for switching transmission lines
=>» RPH3 controller handbook for transmission lines switching applications.

International standard reference

Switchgears that are used with Point-on-Wave switching must have their individual poles closed at the correct point on
the voltage waveform of each phase. The individual poles must operate at times that account for the 120 degrees
rotational shift of three-phase voltages. Such switchgears must be designed and manufactured in accordance to the
standard IEC 62271-302 TR Ed.1: (Technical Report) “High-voltage switchgear and control gear — Part 302: Alternating

» o

current switchgears with intentionally non-simultaneous pole operation”.

Additional References

CIGRE Publication 262, “Controlled Switching of HVAC Switchgears - Benefits & Economic Aspects”, CIGRE Working
Group A3.07, December 2004. 2

CIGRE Publication 263, “Controlled Switching of HVAC Switchgears - Guidance for Further Applications Including
Unloaded Transformer Switching, Load and Fault Interruption and Switchgear Uprating”, CIGRE Working Group A3.07,
December 2004.

CIGRE Publication 264, “Controlled Switching of HVAC Switchgears - Planning, Specification and Testing of Controlled
Switching Systems”, CIGRE Working Group A3.07, December 2004.

1 |EC publications are available at IEC Publications are available International Electrotechnical Commission (IEC), 3,
rue de Varembé, Geneva, Switzerland http://www.iec.ch

2 CIGRE publications are available from CIGRE (Conférence Internationale des Grands Réseaux Electriques Haute
Tension) (International Conference on High Voltage Systems), 21, rue d’Artois, F 75008 Paris, France
http://www.cigre.org
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SAFETY AND WWARNING INSTRUCTIONS

NOTE : Electrostatic discharges (ESD) may cause unrecoverable damage on the RPH3 device.

A Observe the necessary safety precautions when handling components that are vulnerable to
Atal electrostatic discharge (EN 61340-5-1 and EN-61340-5-2 as much as IEC 61340-5-1 and IEC
61340-5-2).

NOTE : Prior to any power appliance, check that connecting cables are securely locked into connector
terminals using the integrated screws.
HAZARD OF ELECTRIC SHOCK, EXPLOSION OR ARC FLASH
- Turn power off before installing, removing, wiring or maintaining.
- Confirm that the product power supply voltage and its tolerances are compatible with those
of the network.
- The installation, use and maintenance of RPH3 and related products described in this manual
must be restricted exclusively to qualified engineers or persons instructed by them since
RPH3 users must also be qualified to operate High Voltage switching systems.
- No responsibility can be assumed by GE GRID SOLUTIONS for any consequences arising out
of the use of this product.

© O

FAILURE APPLYING THESE INSTRUCTIONS MAY RESULT WITH DEATH OR SERIOUS INJURIES

Handling the RPH3 as an electronic equipment

The RPH3 device contains electrical and electronic components that may still be charged after disconnection. The user
may suffer electrical shock if precautions and instructions are not followed before handling or opening the device case.

- Before any use of the RPH3 device, it must be grounded via the functional ground connection and the housing
grounding terminal / lug.

- Before use, check that all plug-in cable connectors are securely locked to the RPH3.

- On the RPH3, the continuity of secondary wiring of the current transformers is assumed by an internal connection
inside the connector (“make before brake” connection). Before removing these connectors, make sure to avoid any
damage on the personal safety and on the current transformers devices.

Unpacking

Despite the general robust construction of the RPH3, it shall be handled with care before installation. Before accepting
the RPH3 it should be checked for damage which could have originated during transportation. If you have cause for
complaint, please refer to the transport company and notify your usual contact person within GE Grid Solutions.
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Storage

If the RPH3 is not to be installed immediately upon receipt, it should be stored in a place which is free of dust and
moisture, in its original packaging. If a moisture-absorption bag is in the packaging, keep it as it is. The efficiency of the
drying agent is impaired if the unprotected bag is exposed to the surrounding conditions.

Before the Point-on-Wave Controller is placed in the box again, warm the drying bag slightly in order to regenerate the
drying agent.

Storage temperature range: -40 °C to +70 °C.

Installation

The RPH3 shall be installed in the control room or the relay room of the substation. Its position should be chosen for
easy inspection, which implies an easy access to the RPH3 rear connections in case of need.

The RPH3 shall be well lit and properly locked to its housing location, taking its weight into account (care shall be taken
to weight distribution issues, especially in case of an installation in a location exposed to large vibrations.

The RPH3 Point-on-Wave Controller can either be installed in a switchboard or a suitable frame with the provided
material, or a special fitting is available for 19” rack integration in case of seismic withstands requirements.

As the RPH3 can be located up to several hundreds of metres away from the switchgear (e.g. in the control room), please
check that the requirements noted on the HV diagram as provided by GE Grid Solutions are respected, and especially that
there is no injections of current (even some milliamps like a coil supervision device) on the outputs of the RPH3.

Whatever its location, the RPH3 housing shall be appropriately grounded prior to be supplied.
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1 PREAMBLE
1-1 Using this handbook

This manual intends to provide the reader with information on Point-on-Wave switching in general and the way the
RPH3 device operates. It shall be used as a guide for understanding, installing and using the RPH3, but it does not
provide detailed information on the RPH3 man-machine interface, which is described in separate dedicated handbooks.
Please refer to documents [1] and [2].

This service manual describes functions and features as assumed by the RPH3, introduces typical application notes, lists
available product variants and all required data (related to both the switchgear itself and associated environment) for a
proper usage of the device.

1-2 Glossary of terms

The following terms and acronyms are used in this manual :

acronym meaning acronym meaning

HV High Voltage Pre-arc, Current flowing between the contacts

CB, CBR HV Circuit Breaker (or switchgear) Prestrike during a closing operation before the

SG HV Switchgear (or Circuit Breaker) contacts have mechanically touched

PowW Point-on-Wave : ability of a unit to control (IEEE C37.100)

a CB drive mechanism in such a manner Prearcing Duration of the pre-arc in a given CBR
that HV contacts inside each CB time pole during a closing operation.
interrupting chamber separate or touch at Closing Duration of the mechanical move of
a date which is chosen synchronous to a duration CBR contacts from their fully opened
target point on the corresponding HV IEEEC37.100 | position to their fully closed position.
signal wave. Closing time | CBR initially in fully opened position,

S/S HV Substation : node site of an energy amount of time between the initiation of
transmission network. IEEEC37.100 | the closing operation (date when the

AlS Initially “Air Insulated Switchgear”. Generic closing input command is triggered),
acronym for CBR whose base technology is and the date when a metallic continuity
designed on interrupting chambers filled is established in :
with a special gas (SFs) so that arc - all CBR poles (switchgear closing
extinguishing between HV contacts of the time)

CBR is optimized in applications rating up - or in the concerned pole (pole
to 800 kV / 80 KA. closing time).

GCB Generator Circuit Breaker : range of CBR NOTE : any delay introduced by equipments that are not
specifically designed for HV switching just part of the closing circuit is excluded from the closing
in rear of energy generators (power time.
plants). Typically the operating time of a PoW controller channel

VT Voltage transformer is NOT included into the closing time.
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Make time CBR initially opened, amount of time Idle time amount of time between two
IEC62271-302 | between the triggering date of the consecutive CBR operations, during
closing command, and the date when which the CBR position remains
current starts flowing through the unchanged.
concerned pole (make time of the pole) Adaptive Adjustment of CBR control timings
or through the first pole (make time of control based on past operating patterns
the switchgear). (measurements of CBR previous
This make time may typically includes operating times) and CBR idle time.
the pre-arcing time. Compensation | Predictive adjustment of CBR control

NOTE : any delay introduced by equipments that are not
part of the closing circuit is excluded from the make
times.

Typically the operating time of a PoW controller channel
is NOT included into the make times.

Arc Current continuation between CBR
contacts during an opening operation

IEEE C37.100 | after the contacts have been
mechanically separated

Opening Duration of the mechanical move of

(Tripping) CBR contacts from their fully closed

duration position to their fully opened position.

IEEE C37.100

Opening CBR initially in fully closed position,

(Tripping) amount of time between the initiation

time of the opening operation (tripping

input command is triggered), and the
date when arcing contacts have
separated in :

- all poles (switchgear tripping time).
- or the concerned pole (pole tripping

time)

May vary with the breaking current.
NOTE 1: any delay introduced by equipments that are
not part of the tripping circuit is excluded from the

[EC62271-302

timings based on outside temperature,
driving mechanism characteristics (e.g.
hydraulic pressure if applicable) and
operating  circuit  power  supply
conditions at the time a CBR operation
is initiated (IEC62271-302).

NOTE : the adaptive control is excluded from compensation.

RDDS
[EC62271-302

“Rate of Decay of Dielectric Strength”
of an interruptor. This is the rate that
the dielectric strength across the
closing contacts is decreased as the
contacts come together during a
closing operation. This characteristic is
important in assessing the pre-arc
prior to the mechanical touch of the
contacts. (CIGRE Publication 262 to
264).

In other words the RDDS is the voltage
withstand reduction as a function of
time or contact gap during closing of a
switchgear.

RRDS
[EC62271-302

“Rate of Rise of Dielectric Strength”
voltage withstand increase as a
function of time or contact gap during
opening of a switchgear

tripping time. Synchronous | Operation of a switching device in such
Typically the operating time of a PoW controller channel operation a manner that the contacts are closed
is NOT included into the tripping time. IEEE C37.100 | or opened at a predetermined point on
NOTE 2: self-tripping switchgears do not have tripping a reference voltage or current wave
inputs; in that case the tripping time starts when, the Target point | Prospective instant for the HV contacts
switchgear being in the closed position, the current in for closing to touch during a closing operation.
the main circuit reaches the operating value of the Target point | Prospective instant of current initiation
overcurrent release. for making during a closing operation

Target point | Prospective instant for the HV contacts

for tripping to separate during a tripping operation.
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2 INTRODUCING POINT-ON-WAVE SWITCHING

2-1 Random switching versus PoW switching

HV switchgears may be controlled by several protection and control devices that have wired connections to their
closing and tripping coils. Among these devices, “Point-on-Wave” controllers may be used to energize the switchgear
coils in a way that single operations are optimized.

PoW controllers were introduced in 2000’s as an alternative to costly pre-insertion resistors, surge arresters and
fixed reactors, which main function was to limit inrush currents and clamp voltage surges on the network and the
switched load, that may occur during random switching operations (and persist after in some cases). There are many
technical and economical reasons to avoid or limit these phenomena, and thus to use PoW controllers acting on their
root cause instead of applying damping strategies like with passive equipments.

HV switchgear

lﬁm

T—

- — T

I

T [ o

=l
B

,/@.;L ] revTTvTTTITYYY

x=3]
a7

mechanical
drive

=
o
[}

Figure 1 : the PoW controller acts as a switchgear command device

High inrush currents may lead electrodynamical efforts and unexpected protection trippings, whereas overvoltages may
lead to restrikings, aging of surge arresters and decrease of the switchgear dielectric withstand performances.
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The Figure 2 below illustrates the main benefits of “synchronous switching” (i.e. PoW controlled switching),
compared to “random switching” (i.e. where all switchgear coils are energized at the same instant) during a closing
operation :

inductive load capacitive load

e
U -3.600E+12+43. 600E+120

/}f-*-'-(/\ )»_./\ 7-—-\/ ,7«».../\ ‘:\.,m/ \ jm.....\/ ‘

/

/
\VAR\VARNVAR\V AR\ AR

RANDOM switching

‘ Current (peak ~750 A)
Un = 400 kv (weck infeed) Uncontrolled
Transformer: 400/220 kV; 450 MVA switching f”S‘a"‘ 2
Neutral groundet "

/\/\/\\//’\/\\//\
\/\/\/\/\//\\/

2 [ ASTASANASIA
= YV VvV \/ \/ \/
3 ’
g ll . 1' PO T |
g Qonlmlled swilching
T Un = 400KV i RN P
E’ Transformer: 400/220 kV; 450 MVA 3 \ /
> Neutral ground91 X r‘r\’\
n \ N
"‘ N\ /\/\N\/\X/\/\ /\»/ /\/\ X S ’ //
/\/\/\/\/\ WX X \ ,
@sformer input volfcﬂ
Figure 2 : synchronized switching versus random switching on different loads
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In order to assume synchronous switching, the main feature of a PoW controller consists in introducing a
suitable delay between the instant it receives an input command for operating the switchgear (either closing or tripping
command) and the instant it actually starts energizing the switchgear coils, in such a manner that HV current is
established or interrupted on each HV phase at chosen target points on associated phase voltage waveforms. This target
point for the initiation / interruption of the HV current in each pole may vary from one application to an other, mainly
depending on the type of load being switched (reactor, capacitors...) and associated neutral mode (grounded, isolated).
The Figure 3 below illustrates this feature for a closing operation (example on an inductive load) :

Target point

A voltage /\ /\ A /\ /-\ /\

tripolar closing cde ole make time
(PoW input) A POEMEECIME - > T arc
[PoW delay (A)] : '
unipolar cmd A (PoWoutput) " Tl ___________ poleclosingtime =~ &

B voltage

6 _ _ _ \

|
PoW delay (B i :
______ |

|
CLOSING ~ X CLOSED

|
pole contacts (A)_( CLOSING XCLOSED
|
b
|
|
|
I

unipolar cmd B (PoW output) !

pole contacts (B)

Cvoltage:/\ q /\ /\ /\ /\ /\ /

cHEYON NNV NV

! Pow delay (C
unipolar cmd C (PoW output) 1€ ===~ =~~~ >

CLOSING CLOSED

pole contacts (C)

DI ZID 4ID EID BID 1DID 12ID 1 IZI
Time [ms]
CB status CB CLOSING CB CLOSED

Figure 3 : PoW closing operation / example on a group of reactors

Once it received the tripolar input command, the PoW controller has to forecast the closing or opening time on
each pole in order to introduce the best suitable delay between the tripolar input command and each unipolar output
command (energizing the CBR coils), so that transient phenomena that may occur are as limited as possible (voltage
surges, inrush currents, risk of re-striking or current chopping...).
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These closing and opening times may significantly be impacted by the variation of several parameters, among which :

Environment related parameters :
- actual ambient temperature
- supply voltage of the CBR coils

Switchgear related parameters :
- dynamic perfos (operating durations, aging drifts, mechanical dispersions, hydraulic pressure, etc.)
- initial status (open, closed, undetermined) and idle time
- dielectric strength (RDDS, RRDS)

Electrical network related parameters :
- load impedance (transformer, bank of capacitors, shunt reactors, transmission lines, etc.) and neutral mode
- presence or not of grading capacitors
- actual network frequency, voltage level, current level
- slew rate of the voltage across the contact gap

Depending on the application, some of these parameters may be static (e.g. mechanical dispersions) or variable
along different laws (fully random, linear...) from one CBR operation to an other.

An optimal interaction between the Point-on-Wave controller and the switchgear is thus the key feature to
obtain expected results for controlled Point-on-Wave switching applications.

IMPORTANT NOTE : synchronous switching is not applicable for fast combined cycles of operations : 0-C, 0-C-0, etc.
since these cycles are dedicated to emergency situations, for which the switchgear shall open or close as soon as possible
under no condition.
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2-2  Synchronous closing operations

Defining the optimal target point on each phase voltage wave for a synchronous closing operation requires to take the
following into account :

- The equivalent impedance (type of load + neutral mode) of the circuit elements to be energized.
- The actual voltage across the switchgear terminals i.e. between the line (providing the energy) and the circuit
elements to be energized.

The optimal target point for current establishment on the phase voltage wave is defined by a date when both the phase
voltage and the circuit voltage are at the same level.

Example : the most suitable target point for energizing a capacitor is when the phase voltage reaches the value of the
steady voltage across the capacitor (0 V in case it is initially discharged).

In any case the voltage conditions shall be considered on each phase separately, assuming that they are 120
electrical degrees phase shifted.

The Figure 4 below provides a detailed illustration of involved timings on 1 CBR pole during a synchronous
closing operation (example of energizing a shunt reactor).

Target point
HV voltage
HV current
¥ pole make time ;I:T;arc
tripolar
closing cmd _PoW delay | pole closing time R
(PoW input) < > ”
unipolar
closing cmd @ >le >
(PoW output) coil closing duration
energization @
ot —L
contacts SReale CLOSED

Figure 4 : synchronous energization of a shunt reactor (timings on 1 pole)
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Once it received a valid impulse on its closing command input (1), the PoW controller is able to select by itself on
the phase voltage wave the optimal target point for current initiation (3), knowing the type of load to be energized (and
associated neutral mode) as well as the pole closing time.

Then it computes the suitable delay to be introduced between the input impulse (tripolar command) and the
start of coil energization (2), taking into account other factors of influence like ambient temperature or actual coil supply
voltage level, so that the current actually starts flowing at the desired instant (date of the target point).

Since the dielectric withstand capability of the interruptor (RDDS) is decreasing with the distance between its
contacts, the current may start flowing slightly before the contacts mechanically touch (the electrical circuit is closed
through a “pre-arc”).

Care must be taken of this phenomenon when energizing a circuit, especially in case the target point is located
on the zero-crossing of the voltage across the interruptor (like on capacitive loads), as illustrated on the Figure 5 below :

Absolute voltage
across the interruptor

Mech.\deviation

AT | AT
<>

pre-strike voltage — -

contacts touching date

. .‘....I .
. el =
target point 'Ta : pre-arcing time

Figure 5 : CBR closing on voltage zero : pre-arcing time as a function of RDDS and mechanical deviation of the CBR interruptor

ov

As observed on the Figure 5 above, the voltage slopes on both sides of the target point are the highest, as opposite to
when it is located close to a voltage peak (e.g. for transformers or common core reactors).

Due to the non-ideal RDDS of the CBR interruptors and the deviation of their mechanical dynamic performances from
one closing operation to an other (unavoidable tolerance on the closing duration), it is important to balance the risk of

transients along both sides of the target point, so that the pre-strike voltage Up =0. sin(®.AT) is the same on both
sides of this target point.

0.sin(®.AT)

This can be assumed by the PoW controller by applying a pre-arcing time of Ta= RDDS
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NOTE : the magnitude of the voltage across the interruptor terminals may vary with the neutral mode (grounded or
isolated) and the closing sequence between poles (like on capacitor banks).

As illustrated on the Figure 6 below the accuracy of the pre-arcing time definition is less sensitive when energizing close
to a voltage peak : initiating the current 1 ms before or after the actual peak leads the pre-arc to start under 95 % of the
peak voltage, (81% at 2 ms) : associated overvoltages are not significantly energetic.

target point

)Y

Ta : pre-arcing time
Figure 6 : CBR closing on voltage peak : pre-arcing time as a function of RDDS and mechanical deviation of the CBR interruptor

U.cos(w.AT)

The pre-arcing time as applied by the PoW controller shall be Ta = RDDS
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2-3  Synchronous tripping operations

Choosing the target point for a synchronous opening operation on each phase voltage wave only depends on the type of
load and neutral mode of the circuit elements to be energized.

The optimal target point on the voltage wave for current interruption is defined by a contact separation date
located a sufficient amount of time before the zero crossing point of the HV current wave, so that the contact gap at the
end of the arc is large enough to withstand the recovery voltage and thus avoid re-striking. But the target date shall also
not be chosen too early in order to avoid current chopping (heavy effort for arc blasting, high arcing voltage =» high di/dt
=> overvoltages).

Example : the most suitable target point for de-energizing a shunt reactor is when the phase voltage reaches its sine peak
(either positive or negative), which corresponds to a current zero (90° el. phase shift).

In any case the voltage conditions shall be considered on each phase separately, assuming that they are 120
electrical degrees phase shifted.

The Figure 7 below provides a detailed illustration of involved timings on 1 CBR pole during a synchronous
tripping operation (example of current interruption on a shunt reactor) :

Target point

HV voltage

HV current @

@ ] T arc

tripolar
tripping cmd  _| PoW delay pole tripping time
(PoW input) < > >

unipolar @
tripping cmd >l >
(PoW output) coil| tripping duratign

pole main energization

contacts CLOSED X TRIPPING

Figure 7 : current synchronous interruption on a shunt reactor (timings on 1 pole)
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Once it received a valid impulse on its tripping command input (1), the PoW controller is able to select by itself
the optimal target point on the phase voltage wave for current interruption (4), knowing the type of driven load (and
associated neutral mode) as well as the pole opening time.

Then it computes the suitable delay to be introduced between the input impulse (tripolar command) and the
start of coil energization (2), taking into account other factors of influence like CBR idle time or actual coil supply voltage
level, so that the current actually ends flowing at the desired instant (date of the target point).
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3 PoW SWITCHING SOLUTION FROM GE : RPH3 TCR

3-1 Introduction

The RPH3 is a standalone PoW controller implemented as a standalone device composed of 5 electronic modules
assembled into a metallic case as illustrated on Figure 8 and Erreur | Source du renvoi introuvable. below :

ALSTOM

interfaces connections
CT connection /

communication ports
: RPH3 rear view

Note : the M5 module is located behind the front panel of the RPH3; it includes the 4 front LEDs and COM1 connector.

05-2012 D1620 EN03
24/125



GE GRID Solutions . ‘
High Voltage Switchgears RPH3 service manual

_ l

The RPH3 controller was designed to be used in 2 different scopes of applications :

- TCR : PoW switching on conventional loads : Transformers, Capacitors, Reactors (and combinations)

- Lines : PoW switching on transmission lines, which loading behaviour is much more complex since it deeply
depends on “real-time” network conditions and complex feeding / consuming installations characteristics (wind
generators, transformers with sensible residual flux...)

The hardware platform of the RPH3 being unique3, the firmware version to be embedded into this platform shall be
selected according to the switching end application (refer to section 4 Application Notes, page 107).

This section is dedicated to TCR scope of applications only.
For details on lines switching applications, refer to document [3].

3-2 Outline dimensions

The RPH3 controller housing was designed for an easy wall mounting.
It is delivered with removable handles that allow mounting into a standard 139" rack.

Quotations given on Figure 9 below are in mm :

483

front view

177

342

452

rear view o v
side view

removable handles for 19” rack 346 66
mounting

Figure 9 : RPH3 outline dimensions

3 Some variants exist of the hardware platform. Refer to section 3-10 for further details (page 0).
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3-3  Functional diagram and architecture distribution

A simplified functional diagram of the RPH3 controller within its typical environment is provided below on Figure 10:

Ls

HV electrical A——— I [ —e—
network ! = | S
|
! i >> to load
: e | —l—
|
|
|
|
|
|

Control

L.
" %II
. | RPH3 i
command unit

Ref voltage |HV currentsl | Lme voltages |
Alarms & Status B
«t —] Relays l AJ Output unit -—— = Llosn

| drivin POWCloseCoilCmd[1..3]
CBCloseCmd —>——>CIosmg
@_» [ POWTripCoilCmd]L..3] ON

[ Tripping | -
CPU > _>I Tripping OFF #1
BTripCmd N "
[ Trip cmd }—> < I I
N I I
1 i Y I __signating "'t osiion1. 31 »
ICBR position l::
Y = HydraulicPressure[1..3]
Neutral Outside_ll_ || Oil Pressure |l ¢4 I
mode temperature| | Configuration Data Ps_|U _____ -
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ry A + 3x mech. drives

Configuration settings
Alarm settings
snjels 7 suely
SpI009Y JUBAT

Battery Voltage

Neutral mode
Outside Temperature

environment

Figure 10 : RPH3 controller functional diagram (simplified)
The RPH3 is composed of a set of 5 standalone electronic modules that are assembled in a dedicated housing :
- M1 module : Power Supply Unit in charge of supplying each RPH3 module with the suitable energy.

- M2 module : Central Processing, Communication and Synchronization Unit : hosts the main CPU (DSP) and
embedded OS (Linux BSP), provides access to RPH3 internal resources (2xEthernet, 2xOptical, 1x RS232/485)
and optical connections for synchronization purposes.

- M3 module : Analogue Inputs Acquisition Unit in charge of monitoring the RPH3 internal temperature and
sampling the input signals below :
o DCsupply voltage of CBR coils (for monitoring purpose)
o 4-20 mA inputs (outside temperature, hydraulic pressures)
o HV Reference voltage
o HV voltages and currents
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- M4 module : Signaling and Coils Command Unit in charge of :
o sampling the following signals :
= input command for CBR closing operation
= input command for CBR tripping operation
= neutral mode configuration of the CBR load (earthed, isolated or unknown)
= switchgear auxiliary contacts status (a-type contacts of poles A, B and C)

o issuing the following output signals :
= 3 differential output commands for CBR closing coils (poles A, B and C)
= 3 differential output commands for CBR tripping coils (poles A, B and C)
= 5 alarm signaling contacts (1 monostable + 4 bistable relays)
= +48V biasing voltage for CBR auxiliary contacts acquisition

- M5 module : Front Panel management unit, in charge of driving front side LEDs and R5$232/485 communication
gating between the front panel “Com1” connector and the internal M2 module (20 wires HE10 flat cable).

As shown on the Figure 11 below, the RPH3 is provided with a “safety socket”, externally connected on its M3 module
(HV currents sampling inputs). It is required in order to prevent any risk of electrical shock in case of an unexpected
disconnection of the RPH3 interface with the Current Transformers.

Figure 11 : safety socket on M3 module

The RPH3 embeds a dedicated MMI on a secured web server, that allows the user to access relevant internal data thanks
to a standard web browser# such as configuration settings, event record files, real-time data and alarms, result of the last
switching operations, etc..

The RPH3 can be connected to an IP network through its dedicated Ethernet interface M2.)J3 (cable not included). The
MMI shall be accessed this way, provided that the RPH3 IP address® is known from the user, as well as the relevant user
name and password (further details on software access levels are given in document [1]).

Furthermore, the RPH3 is delivered with a PC software running under Microsoft Windows® 0S¢ : the “RPH manager”. It
offers facilities for downloading, reading and graphical plotting up to the last 1000 event records of RPH3 units it is
connected to (through the IP network).

4 A list of supported web browsers is provided in document [1]
5 The RPH3 does not support DNS protocol ; its IP address is fundamentally static. It is delivered with a default IP address that may be
changed through the MMI. For further details refer to document [1].
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ALSTOM RPH3 Intereace
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Figure 12 : RPH3 MMI distribution

- A
Figure 13 : Ethernet connection plug (M2-)3)

6 Supported versions of Microsoft Windows® are identified in document [2]
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3-4

Operating the switchgear — base features for TCR applications

As a PoW controller, the RPH3 implements the functionalities described in section 2, page 15. This manual also provides

application notes in section 4, page 107.

PoW switching as assumed by the RPH3 controller within the TCR application scope can be described by the simplified

Finite State Machine below (Figure 14) :

Reset

« inputs sampling
«+ continuous RMS analyzis : Uref, lcgr X3

« Power supply NOK

« no Uref zero found

« coil supply voltage NOK|
« coil circuitry NOK

« rms Uref out of range

Set alarm outputs + « frequency out of range

LEDs

21 alarm condition is TRUE :.

Closing or Tripping
command

Command is valid

« command datation

- operating time
assessment

« start Uref+Icgr Storage

- assess actual network frequency
« search a time reference (zero crossing) in the
Uref last milliseconds

Search
Uref zero

| Found a valid Uref zero-crossing ?

Configuration

+ compute compensations

settings

* type of load
* neutral mode

« identify 3x reachable target points (prospective)

3x target points

Start 3x 1us timer
(1 timer / phase)

A

{timer = timer + 1ps} [ x3

Current date = phase N target point ?
(timer 1 ps expired)

NO YES
y

[P

« issue phase N output command (coil)
« start detecting operation end

output command issued on the 3 phases ? |

YES NO
start 2 seconds timer

Wait 2
seconds

« detect operation end x3
(aux. switch and/or HV current monitoring)

=1

« Compute actual operating times
« store switching data (Uref, Icgg, etc.)

Figure 14 : RPH3 main state machine model for TCR applications
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Once a valid command has been received by the RPH3 and no alarm condition is fulfilled, it selects a time reference on
the reference voltage “Uref” (zero-crossing of the sine wave) and identifies the most suitable target points for the
switching operation to be performed (1 target point per phase, assuming voltages are 120° el. shifted and each current is
90° el. shifted from the associated voltage).

Some alarm conditions are tested at the beginning of the state machine. As soon as = 1 of these conditions is fulfilled the
operation is cancelled, the associated alarm is triggered and the state machine returns back to its idle state.

The RPH3 is able to manage many more alarms (refer to section 3-7, page 71), but the main algorithm may be cancelled

by the most critical ones only :

e  Power supply NOK :

e No Uref zero found :

e RMS Uref out of range :

e (Coil supply voltage NOK :

e (Coil circuitry NOK :

e Frequency out of range :

the RPH3 power supply is continuously monitored on internal polarities to be used for
analogue-to-digital conversions (0V/+15V/-15V). This alarm is triggered in case = 1 of
these voltages is measured out of the allowed range (this range may be tuned by a
software setting).

the reference voltage did not cross OV within the last 200 milliseconds (time frame
analysis)

the RMS value of the reference voltage is continuously measured by the state machine
when in idle state. This alarm is triggered in case it has been measured below the
threshold value (adjusted by a software setting).

the coil supply voltage has been measured out of the allowed range (this range may
be adjusted by a software setting)

this alarm is triggered in case = 1 of the 3 output coil circuits was detected as
discontinuous. Closing and tripping circuits are continuously monitored by the RPH3,
whereas the ability of the RPH3 output MOSFET transistors to be switched ON/OFF
is periodically tested (every 3 seconds).

the actual system frequency is continuously monitored by the state machine when in
idle state. This alarm is triggered as soon as this frequency was measured out of the
allowed range (50 Hz +5% or 60 Hz +5%). The nominal frequency (50Hz or 60Hz) is to
be chosen by a software setting.

According to its configuration settings, the RPH3 applies a switching strategy — or “switching program” - to select the
most suitable PoWV target points for the switching operation.

L1 (Uref)

SETTINGS RELOAD

General Closing Opening  Network & Time

Check box [ then click on to apply change

h
1
H
1
:

r D
190°el.

H

H

1

1

;

(Uref -120°

MaAIN OPTIONS /\ ia0%el

Rated power frequency ® 50Hz O 60Hz :f\ \
|5witching program O Transformer O Shunt Reactor O Capacitor Bank ® User Mode u/ :

Reference voltage ® L1 O L2 oL3

Reference voltage phase shift ®

Neutral system O Software parameter  © Neutral contact

L3 (Uref -240° )

points with respect to the closest zero-crossing date of the reference voltage Uref.

Each of these switching programs is describes by a set of angular shifts, identifying PoW target \ /&@;/‘
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The Table 1 below provides details of angular shifts as applied by pre-defined switching programs :

Uref Uref + 120° Uref + 240 °
Neutral . . i . . . .
Strategy mode Operation | gngular | time shift (ms) | gngular | time shift (ms) | gngular | time shift (ms)
shift | o5oHz | @s0Hz | Shift | @soHz | @e0Hz | Shift | @5oHz | @60HZ
closing 90° 5 4.2 180° 10 8.3 180° 10 8.3
grounded
tripping 90° 5 4.2 30° 1.7 1.4 150° 8.3 6.9
Transformer
closing 90° 5 4.2 0° 0 0 0° 0 0
isolated
tripping 90° 5 4.2 180° 10 8.3 180° 10 8.3
closing 90° 5 4.2 30° 1.7 1.4 150° 8.3 6.9
grounded
tripping 90° 5 4.2 30° 1.7 1.4 150° 8.3 6.9
Reactor
closing 90° 5 4.2 0° 0 0 0° 0 0
isolated
tripping 90° 5 4.2 180° 10 8.3 180° 10 8.3
cIosing 0° 0 0 120° 6.7 5.6 60° 3.3 2.8
grounded
tripping 90° 5 4.2 30° 1.7 1.4 150° 8.3 6.9
Capacitor
cIosing 180° 10 8.3 90° 5 4.2 90° 5 4.2
isolated
tripping 90° 5 4.2 180° 10 8.3 180° 10 8.3

Table 1 : RPH3 pre-defined switching programs

NOTE 1 : these shifts are given for rated frequencies only. Actual time shifts are computed in accordance to the actual
system frequency as measured by the RPH3 itself. Thus any frequency drift is carried out.

NOTE 2 : the additional “User” switching program may be selected instead of pre-defined ones. It gives an opportunity to
tune each angular shift through the web MMI in order to cover specific needs (loads with initially trapped energy...).
However, it is highly recommended to use a pre-defined strategy when applicable.

NOTE 3 : angular shifts are independent from (pre-)arcing times; they locate the operation target points (current
establishment / interruption dates i.e. arc starting instants) but not contacts mechanical touching / separation date.
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The switching program shall be selected through the web MMI in accordance to the process below (Figure 15) :

Neutral Mode —>| 1 - select the RPH3 M4-J5 jumper configuration |

Grounded neutral Isolated neutral

|2 — choose the neutral mode selection method (web MMI) |

HV
application

Neutral mode selection ) Software setting © Hardware detection m

\i ’
3 — select the neutral mode 3bis — enter fall-back angular shifts

Neutralmode O jsolated @ grounded m Fall Back 0.00 ]°] 0.00 I 0.00 N

'

Type of load* e==pp-| 4 — select the switching program (web MMI)

Switching Program O Transformer ' Reactor @ Capacitor ' Custom

y
5 — enter angular shifts

L1 L2 L3

Isolatedneutral [ 000 |° [ oo ,}J ° [ om N
12

Earthedneutral [ 000 |° [ 000 |° |

0.00 N

A / A J
6 — apply the changes (web MMI)

4+ Checkbox @ then click on to apply change

* refer to section 5 (Application Notes)

Figure 15 : switching program selection process

A pre-defined “fall-back” (backup) strategy is available for adjustment through the web MMI. It is to be applied by the
RPH3 controller for CB switching in case it cannot identify the system neutral mode (if to be detected by hardware)

Display Settings Downloads

General Closing Opening  Network & Time

USER PROGRAM SHIFT ANGLES

L1 L2 L3
Isolated neutral [ oo |° [ omo | [ ooo [
Earthed neutral [ oo | [ ooo ] [ o000 K
FALL BACK SHIFT ANGLES i 5 5
Angles (if system neutral is undefined) | 0.0 | oo | [ ooo °

Figure 16: fall-back strategy settings (web MMI)

The following sections introduce the RPH3 interfaces to the main signals required to achieve PoW switching base
features.
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3-4.1 Power supply

The RPH3 controller continuously monitors the voltage it is supplied with, from which it generates internal DC voltages

for operating.

Power
+Ucp supply

1 ™ RPH3

'UCB

L

Figure 17 : RPH3 power supply

RPH3 characteristics on this interface are given below :

Rated characteristics

‘ Min ‘ Typical ‘ Max ‘ Unit

M1-J1 connector

screw terminals - AWG22-10

input impedance 900 - 1200 | k0O
frequency 45 50/60 | 66 Hz
amplitude (AC) 100 - 240 | Vrms
amplitude (DC) 48 - 353 V
power consumption - - 20 W
Insulation level 2000 - - Vrms

In case the supply voltage has been detected out of the allowed range (to be adjusted by software settings through the
web MMI) the RPH3 trigs an alarm, turns OFF a dedicated LED on its front panel and opens its NC monostable output

contact (pins M4-)4:2 and M4-)4:3).

NOTE : for safety and reliability reasons, the RPH3 controller case must be earthed through the dedicated earthing screw

"PE”,
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3-4.2 Sampling the reference voltage

The “reference voltage” is an AC voltage as delivered by a VT, that shall be a real-time image of the high voltage present
on the reference phase of the 3-phase system.

This voltage is to be used as a timing reference by the RPH3, that shall introduce the suitable PoW delay on each pole
command (as described in section 2) upon the date this reference voltage next crosses 0V once the input command has
been received.

NOTE1 : the RPH3 assumes that a 120° el. phase shift permanently exists between the 3 phases of the system, and each
phase current is 90°el. shifted towards associated voltage :

L1 = reference voltage
L2 =11 +120 “el.
L3 =11+ 240 °el.

NOTE2 : the designation of the HV phase (L1, L2 or L3) whose reference voltage is an image of can be selected by a
configuration setting in the web MMI. Refer to document [1] for further details.

NOTE3 : a software setting can be adjusted during the RPH3 commissioning in order to compensate any unexpected
phase shifting introduced by complex bay layouts between the HV voltage and the RPH3 input terminals (M3-)3:7 and
M3-J3:8). This may be the case for instance if the reference voltage is issued by the secondary LV winding of a generator
power transformer.

Left unconnected for
TCR applications

o— ~—o | | | |
M3-J3:7 QM3-J3:5 QM3-J3:3 @ M3-J3:1

RPH3

M3-J3:8 M3-J3:6 M3-J3:4 M3-J3:2

-0 - 3_¥c ] 1 1 1

Figure 18 : Reference voltage connection

VT secondary voltage
Reference Phase

NOTE4 : RPH3 characteristics on this interface are given below :

Rated characteristics ‘ Min ‘ Typical ‘ Max | Unit
M3-J3 connector MSTRB 2.5/8-5TF-5.08

input impedance - 8 - kQ
frequency 45 50/60 | 66 Hz
amplitude (option 1) 15 | 100/V3 | 150 | Vrms
amplitude (option 2) 30 | 220/V3 | 250 | Vrms
RPH3 power consumption on this input - - 2 VA
Insulation level (measured between input and output windings) 2000 - - v
Measurement error - - 1 %
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3-4.3

System neutral mode detection

As described on Figure 15 (page 32), a software setting shall be set through the web MMI for the RPH3 controller to
identify the neutral mode of the application (whether it is grounded or isolated), which has a direct impact on the

definition of the PoW target points.

This neutral mode can be detected by either of the 2 different methods below :

- EITHER by software setting (web MMI) : the user selects if the system neutral is grounded (earthed) or isolated.
- OR by hardware external jumper configuration on the rear connector M4-J5 :

isolated neutral

RPH3

9 M4-35:4 M4-:35:3
!

M4-35:2

grounded neutral

RPH3

O M4-35:4 9 M4-:35:3
!

M4-35:2

Ma4-)5 connector : MC 1,5/4-STF-3.81. Recommended wire gauge : AWG24-14

undefined neutral (= alarm)

RPH3

9 M4-35:4 9 M4-:35:3 9 M4-J5:2
! ! !
OR

RPH3

O M4-35:4 9 M4-:35:3 Q M4-35:2

associated screenshots (web MMI):

Display Settings Downloads

Status  Sensordata  Inputsignalling  Lastclosing results  Lastope
INPUT SIGNALLING
Isolated (Set

by neutral contact)

Applied neutral system

Display Settings Downloads

Status  Sensordata Inputsignalling  Lastclosing results  Lastope
INPUT SIGNALLING

Applied neutral system Earthed (Set by neutral contact)

Display Settings Downloads

Status  Sensordata  Inputsignalling  Lastclosing results  Last ope
INPUT SIGNALLING

Applied neutral system Unknown (Set by neutral contact)

Table 2 : neutral mode hardware detection

In case the neutral mode is undefined, the RPH3 cannot perform its nominal duty; if it receives an operation command
while the associated alarm is active it applies a pre-defined backup switching strategy, for which PoW target points are

to be set by software settings through the web MMl : refer to Figure 16, page 32.

Hardware detection of the neutral mode is useful in case the system neutral may be “dynamically” changed thanks to an

isolator :
3 RPH3
9M4-J5:4 Q M4-:35:3 Q M4-35:2 9M4-J5:1 j__
,,,,, N =
Figure 19: example use of a neutral isolator
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3-4.4 Capturing switchgear tripolar operation commands

The RPH3 controller shall receive tripolar switchgear commands as logical voltage impulses from any control device :

CB opening ' >

Control- > | ™ :
Command :
system CB closing o

s S ALSTOM :

Figure 20 : sampling CB operation commands before driving CB coils

Associated inputs are opto-isolated and protected against reverse polarity.

A voltage impulse on these inputs is considered as valid by the RPH3 controller provided that its DC level is held = U, for

a duration = tyq|q after its positive rising edge :

\

At < thoid At > thoig
= invalid = valid

Figure 21 : tripolar command inputs filtering by the RPH3 controller

NOTE 1 : tho|q is adjustable through the web MMI (access level > User). Its default value is 80 ms.
NOTE 2 : Uy is not adjustable; its level depends on the considered RPH3 variant (refer to section 3-10 page 89) :

RPH3 variant RPH3-PS48-CTy RPH3-PS125-CTy RPH3-PS250-CTy

Figure 22 : voltage thresholds for logical inputs filtering

NOTE 3 : The same filter is automatically applied by the RPH3 controller on all its logical inputs (unique value of tyqq for
all inputs).

NOTE 4 : in case of rebounds on these inputs, the last rising edge is considered by the RPH3 controller for impulse
starting instant.

NOTE 5 : the duration of the CB coils driving impulses (as issued by the RPH3) is independent from the duration of the
input commands. It may be adjusted through the web MMI as described in section 0, page 38.
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NOTE 6 : in case an input command is held = Uy, for a large duration (e.g. several seconds), the RPH3 controller
proceeds to one single CB operation only; a rising edge is required on a command input for the operation to be processed.

NOTE 7 : once a valid command impulse has been detected by the RPH3, the associated treatment duration is ~4

seconds (signals recording). Any other valid impulse that could be detected while a previous one is being processed would
be dropped by the RPH3 controller.

+0 +C
® ¢
-O -C
> *—
CB open CB close

shields

OM4-J7:1 OMA-I7:2 OMA-I7:3  QOM4-37:4 QMA-J75 OMA-I7:6

RPH3 [1 |

QM4-J3:1Q M4-J3:2 QM4-J3:3QM4-J3:4 ?M4-J3:5 ?M4-J3:6

I I I I
— _

V
unconnected for TCR
applications

Figure 23 : closing and tripping command inputs cabling

WARNING : the 7 pins of the M4-J3 input connector shall be left unconnected for TCR applications. They are to be used

for “lines” applications only. NEVER connect tripolar command impulses to these pins, since this would burn the RPH3
controller out.

The RPH3 characteristics on this interface are given below :

Rated characteristics ‘ Min ‘ Typical ‘ Max Unit
M4-)7 connector (CB tripolar closing and tripping commands) MSTB 2,5/6-STF-5.08

input impedance 10 - - MQ

amplitude detection threshold (Usp,) 17 - 87 Ve

Valid impulse duration (thoiq) 1 80 - ms

RPH3 power consumption on this input 2 - - VA
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3-4.5 Driving the switchgear coils

For CB coils driving, energy is never tied by the RPH3 controller :
- neither from the coils supply voltage monitoring input (M3-]J1 connector)
- nor from the input tripolar commands (M4-)7 connector)

- nor from the RPH3 power supply (M1-J1 connector)

The RPH3 controller ties 100% of the required energy from a dedicated input connector (M4-)1) for driving the CB coils
through its M4-)2 connector.

This does not affect the RPH3 compliance with any switchgear : this energy management strategy ensures the RPH3
ability to drive any CB from any manufacturer.

Each CB coil is driven by a robust, dedicated output module based on MOSFET transistors, whose switching
performances are factory calibrated.

One driving module is provided per CB coil to be driven : each coil driving module is independent from all others.

For higher flexibility of integration, the RPH3 controller offers 2 different connection schemes to the switchgear coils :
common mode and differential mode.

Ucoils+
Ucoils-
\ M4-J1:1 M4-J1:2, \ O mzu1:1 O M3-J1:Zl
supply monitoring
M4-J2:1 M4-J2:2 M4-J2:3 M4-J2:4 M4-J2:5 M4-J2:6 M4-J2:7 M4-J2:8 M4-J2:9 M4-J2:10 M4-J2:11 M4-J2:12 M4-J2:13 M4-J2:14 M4-J2:15 M4-J2:16 M4-J2:17 M4-J2:18 j_—
puiss G g g g g g g Mg Mg gy e T e Y -
| ] ] ] ] ] ] )
Ph 1 Ph L2 Ph L3 Ph L1 Ph 12 Ph L3
Ucoils-
Tripping coils Closing coils
(+ «a» type aux. contacts) (+ «b» type aux. contacts)
Figure 24 : CB coils driving outputs cabling : COMMON MODE scheme (switchgear in open position)
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Ucoils+
Ucoils-
\ M4-J1:1 © M4-J1:2 I \ O m31:1 O M3-J1:2I
supply monitoring
MAZ21 MAI22 MASDS A2 MIJD'S MAJZE Mag2T MESD8 MASD'O  MAJ210 MA-go:1l M2 12 M4 g2:13 MA-J2:14 M4 g2 15 M4 J2:16 Ma-J2:17 M4 2:18 —-I-
© waais I R R R - 2] 2] & =
Ph L1 Ph L2 Ph L3 Ph L1 Ph L2 Ph L3
Tripping coils Closing coils
(+ «a» type aux. contacts) (+ «b» type aux. contacts)
Ucoils-

Figure 25 : CB coils driving outputs cabling : DIFFERENTIAL MODE scheme (switchgear in open position)

A software setting of the RPH3 controller must be set through the web MMI in accordance with the chosen connection
scheme, as illustrated on Figure 26 below :

General Closing  Opening  Network & Time
MaAIN oPTIONS
Rated power frequency ® 50Hz O 60Hz
switching program O Transformer O Shunt Reactor
Reference voltage ® L1 O L2
Reference voltage phase shift %
Neutral system ® Software parameter O Neutral contact
Neutral position O lIsolated ® Earthed
Operating time measurement O Auxiliary switch ® Current
Coils wiring scheme ® Common mode O Differential mode

Figure 26 : web MMI : selecting the switchgear coils wiring scheme
Thanks to their design, each of these modules includes continuous diagnostic features on :

- MOSFET transistors health (ability or not to drive CB cails)
- Continuity check of CB closing and opening circuits

Thus the RPH3 controller is able to trig some system alarms in case of MOSFET failure or damaged coils, preventing
undesired situations (e.g. poles discrepancy).
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As shown on Figure 27 below, the results of these self-checks are accessible through the web MMI (they can also be
configured for driving alarm output contacts : refer to section 3-7, page 71) :

Display Settings Downloads

Status  Sensordata  Inputsignalling  Lastclosing results  Last opening results
SELF-TEST ALARMS
L1 L2 L3

Close command Failed Failed Failed

Close enable Failed Failed Failed
Closing coils Discontinuity Discontinuity Discontinuity
Open command Failed Failed Failed

Open enable Failed Failed Failed

Open coils Discontinuity Discontinuity Discontinuity

Figure 27 : self-tests alarms (accessible from the web MMI)

NOTE 1 : all these system alarms are triggered by the RPH3 controller (as illustrated on the screenshot above) in case
the DC voltage is present on M3-J1 connector (monitoring input) but not on M4-J1 connector (coil driving input). On the
other hand all these alarms are kept quiet in case this DC voltage is present on M4-J1 connector, but not on M3-J1
connector. In such a situation, the RPH3 controller trigs a dedicated application alarm, as illustrated on below :

Display Settings Downloads

Status  Sensordata  Inputsignalling  Lastclosing results  Last opening results No 3s 20s

APPLICATION ALARMS

Reference voltage Ok Line current Ok
Neutral system Earthed (Set by software) Application behaviour Ok
Switchgear closing Ok Switchgear opening Ok
Operating time compensations Ok Control voltage Out of range

Figure 28 : control voltage alarm in case no DC voltage is present on M3-J1 RPH3 connector
Refer to section 3-7, page 71 for further description of this alarm.

NOTE 2 : the coil continuity monitoring feature as assumed by the RPH3 does not prevent the use of any other external
coil monitoring device, provided that the necessary precautions below are observed.

- the total amount of current flowing through each coil must never be sufficient for driving unexpected CB
operation (activation current) or preventing the coil latch to recover its idle position (Ao/ding current).

- an electrical separation must be ensured between all the monitoring devices, in order to prevent interactions
between the RPH3 monitoring feature and external devices (e.g. use diodes / opto-isolators).

- the wiring scheme between RPH3 outputs and CB coils must be “COMMON MODE” (both in the RPH3 software
setting and on the actual connection diagram).
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In case 2 1 of these conditions is (are) not fulfilled : DO NOT use external device for coils continuity monitoring.
Otherwise unexpected continuity alarms may appear.

NOTE 3 : whatever the duration of the tripolar input command impulse - provided it is long enough for being valid - the
RPH3 issues 3 output impulses with a preset duration of 80 ms each, that may be adjusted by the end user (through the
web MMI), as illustrated on the Figure 29 below.

NOTE 4 : the RPH3 web MMI offers a unique output impulse duration setting for each group of 3 unipolar output
commands (1 group for closing commands + 1 group for tripping commands).
However, this duration may be set to different values for closing and tripping operations.

(S ¥ | ]
Display Settings Downloads
General Opening  Network & Time

SETTINGS RELOAD
Check box [J then click on to apply change

CIRCUIT BREAKER DATA

L1
Circuit breaker pole closing time ms
Pre-arcing time L1
User mode ms
Output order duration ms

Figure 29 : duration adjustment for the 3 output closing command impulses

The RPH3 characteristics on these interface are given below :

Rated characteristics | Min | Typical \ Max | Unit
Mé4-)1 connector (CB coils supply) MSTB 2,5/3-5TF-5.08
input impedance - 1100 - kQ
voltage amplitude (AC) 48 - 250 Vv
voltage amplitude (DC) 33 - 300 V
maximum current tied on this input (for 300 ms max) - - 30 A
Insulation level 2000 - - v
M3-J1 connector (CB coils supply voltage monitoring) MSTB 2,5/2-5TF
input impedance - 63 - kQ
Input voltage amplitude 48 - 250 | Vpc
RPH3 power consumption on this input - - 2 VA
Insulation level 2000 - - Vv
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3-4.6 Measuring switchgear operating times

The operating time of a given switchgear pole is defined as the amount of time between the instant its closing/tripping
coil is being driven (impulse rising edge) and the date when the pole main contacts mechanically touch (closing
operation) or separate (tripping operation). This is illustrated on the Figure 30 below :

A

travel
[mm]

CB pole main contacts travel curve
CLOSING P travell‘ TRIPPING CB pole main contacts travel curve

[mm] |

reach the
« CLOSED » position

leave the
« CLOSED » position

leave the
l« OPEN » position

reach the
< OPEN » position

t - i
- time [ms] ’ H A time [ms] ’
closing coil | trip coilA
/ current ’ : / current i
—! . —»> | |
N i o : tripping time : >
closing time ] : ]
Switchgear A 3 Switchgear‘
a-type aux. a-type aux.
contact status OPEN CLOSED .‘ contact status CLOSED OPEN h

Figure 30 : operating times definition

Several parameters may affect the dynamic performances of a switchgear - and thus the operating time of its poles -
from one operation to an other, among which :

- Ambient temperature

- CB coil supply voltage

- Hydraulic pressure inside the driving mechanism (if applicable)

- CBRidle time (amount of time between consecutive operations of hydraulic switchgears, if applicable)

- Unavoidable mechanical deviation (e.g. operation speed)

- etc.

The RPH3 controller shall take these parameters into account when assessing the applicable target points for a given CB
operation (1 target point per pole), in order to ensure an efficient PoW synchronous switching.

Therefore, the RPH3 accurately measures the actual operating time on each pole during a CB operation, in order to
compare it to the expected one, as forecasted by an internal algorithm :

tOP_expected= tOP_rated+ Atcompensat;ins + Atadaptive_control

Atop = ‘tOP_exp ected_tOP_measure4
where :
- top_expected is the expected operating time of the pole, as forecasted by the RPH3

- top_rated is the nominal operating time of the pole (software setting through the web MMI as shown on the
Figure 31 below, adjusted at RPH3 commissioning)
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- Atcompensations + Atadaptive_control iS the amount of extra time (that may be < 0) due to the influence of these
specific parameters. Refer to sections 3-5 (page 54) for further details.

- top_measured IS the actual operating time of the pole, as measured during a CB operation
- Atop is the absolute time shift between top_expected and top_measured-

General Closing  Opening  Network & Time

SETTINGS RELOAD
Check box [J then click on to apply change
CIRCUIT BREAKER DATA

] L2 L3
Circuit breaker pole closingtime [ 9260 |ms [ 9220 |ms | 928 |ms

Clear
Figure 31 : setting CB rated operating times (web MMI)

Since it cannot access the switchgear main contacts directly (which are under high voltage), the RPH3 controller offers 2
different methods for measuring operating times :

- detection of the CB auxiliary contacts switching instants (interface M4-6)
- detection of the HV current establishment / interruption instants inside the pole interrupting chamber(s) thanks
to external current transformers (interface M3-)4).

The end user can choose his preferred method thanks to a software setting in the web MMl :

General Closing  Opening  Network & Time

SETTINGS RELOAD
Check box [ then click on to apply change

MaAIN OPTIONS

Rated power frequency ® 50Hz O 60 Hz
switching program O Transformer O Shunt Reactor
Reference voltage ® L1 O L2

Reference voltage phase shift &

Neutral system O Software parameter  ® Neutral contact
Operating time measurement ® Auxiliary switch O Current

Figure 32 : web MMI : choosing the preferred method for operating times measurement

However both methods are used by the RPH3 through parallel measurement processes, so that in case one fails (leading
an irrelevant value of ATgp) the result of the other one is automatically considered for further treatments.

NOTE 1 : in case the method that failed was not the preferred one, the RPH3 trigs no alarm that is visible for the end
user. However if the preferred method failed, the RPH3 trigs an application alarm (either “switchgear closing alarm” or
“switchgear opening alarm” : refer to section 3-7, page 71) and considers the result of the alternative method (if valid)
for assessing ATgp.
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NOTE 2 : whichever the selected method, Top_measured is compared by the RPH3 to an allowed range (to be adjusted
through the web MMI as shown on the Figure 33 below).

Display Settings Downloads
General  Closing  Opening  Network & Time

SETTINGS RELOAD
Check box [ then click on to apply change

OPERATING TIME MEASUREMENT

L1 L2 L3
Auxiliary contact time-shift [ 0.00 | ms [ 0.00 | ms | 0.00 | ms
Detection Dating
Current thresholds [ so00  JA(ms) [ 1000  ]A
Min Max Operating time tolerance
Closing measurement limits [ ooo | ms [ 20000 |ms [ o000 | ms

Clear

Figure 33 : operating time validity range and tolerance

Following each CB operation, the obtained values of Top measured and ATgp are tested for each pole by their fulfilment of
the conditions below :

- Min < Top_measured < Max
- ATgp < tolerance

As soon as = 1 of these conditions is not fulfilled an application alarm is trigged by the RPH3 as shown on the Figure 34 :

Display Settings Downloads
Status  Sensordata  Inputsignalling  Lastclosing results  Last opening results

GLOBAL STATUS
Firmware TCRV 040
Last switching status (Led 2) Ok Bistable relay 1 Ok
System alarms (Led 3) Alarm Bistable relay 2 Ok
[Application alarms (Led 4) Alarm | Bistable relay 3 Ok
Monostable relay Ok Bistable relay 4 Ok
APPLICATION ALARMS
Reference voltage Not ok Line current Ok
Neutral system Unknown (Set by tral contact) Application behaviour Ok
Switchgear closing Ok Switchgear opening Ok |
Operating time compensations O} Control voltage Out of range

Figure 34 : alarm trigged in case of an out-of-range measured operating time
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3-4.6-1 Measurement method #1 : monitoring the CB auxiliary contacts (a-type)

The RPH3 controller provides an interface connector (M4-]6) to the switchgear auxiliary contacts (a-type) :

M4-J6:1 M4-3J6:2 M4-J6:3 M4-J6:4 M4-J6:5 M4-J6:6 M4-J6:7 M4-J6:8

(o) (o) (o) (o) (o) (o] R P H3 |
+48V +48V +48V
T — =N T DN T — DN é
. — 1/ 1 — 1/ 4 — |/
|_____—||_____—||_____—|
| g y |
| \ x \ y \ |
| | | |
|

L1 pole aux. contact

L2 pole aux. contact | , L3 pole aux. contact |
_Gipe) | _@pe) | _atpe

Figure 35 : switchgear auxiliary contacts connection

The RPH3 continuously delivers a +48V DC voltage for auxiliary contacts biasing (pins M4-)6:3/5/7).

According to the status of the monitored switchgear interruptor (fully closed or opened), the associated auxiliary contact
(a-type) is either closed or opened so that the biasing voltage is present or not on the RPH3 dedicated input terminal

(M4-)6:2, 4 or 6).

In order the RPH3 to assess the pole main contacts touching / separating instant during a CB operation, it arithmetically

adds a time-shift (Amain>aux In Ms) to the auxiliary contact status changing instant (input voltage rising or falling edge),
as illustrated on the Figure 36 below :

phase

voltage rgmES m

\/

phase
current

]

Tarc=6ms

POW delay=17 ms

tripolar
input cmd J

unipolar

output cmd Tpp_measured=22 ms

pole auxiliary { \
contact status I
(a-type) I

pole main
contact status

IAmain—aUXZS.EI ms

OPEN

40 /
Time Ims]

Figure 36 : auxiliary time shift definition
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The value of this “auxiliary time-shift” Amain>aux depends on the switchgear characteristics. It shall be measured several
times on each CB pole separately, in usual site conditions (outside temperature).

The average value between these measurements shall be set in the RPH3 configuration settings through the web MM,
as illustrated below :

Display Settings Downloads
General Closing  Opening  Network & Time

SETTINGS RELOAD
Check box [ then click on to apply change

OPERATING TIME MEASUREMENT

L1 L2 L3
Auxiliary contact time-shift [ om | ms [ 0.00 Jms [ 000 ms
Detection Dating
Current thresholds [ so00  JA(ms) [ 100 A
Min Max Operating time tolerance|
Closing measurement limits [ om | ms [ 20000 Jms [ o000 | ms

Clear

Figure 37 : auxiliary contacts time-shift adjustment

NOTE 1 : this time-shift is considered constant by the RPH3, whatever the temperature conditions and CB drive
mechanism aging.

NOTE 2 : during CB tripping operations, the auxiliary contact of a given pole shall open BEFORE the main contacts
mechanically separate (Amain>aux > 0), whereas it shall close slightly AFTER the main contacts mechanically touch during

CB closing operations (Amain>aux < 0). However, only unsigned (positive) values shall be entered into the web MMI
boxes.
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3-4.6-2 Measurement method #2 : monitoring HV currents

The RPH3 controller offers an alternative method for measuring the operating times of switchgear poles, consisting in
measuring the HV current flowing through its main contacts, in order to detect the interruption / establishment instant
thanks to a waveform analysis.

This analysis is based on a continuous RMS assessment of the AC current before/after the pole operation and an
instantaneous threshold crossing detection, as illustrated on the Figure 38 below :

Closing ot tripping
command

* main algorithm
processing J* compute PoW delay for this pole

Drive pole coil

b— — —

Y

I_RMSgerore pole aux.

contact switch

Store RMS
current

4

|
| |
! S Continuous
! idx —» RMS current

|
} } assessment |_RMSgeaL-TivE
|

NO(

I_RMSgeaL-TivME
>or<
0.5x1_RMSgeror
?

Add or
substract

Pole auxiliary
Amain-)aux

time-shift

h
_———
Preset Threshold_ crossing
threshold datation ?
other method
o also failed ? YES
= Add Tpre-arc
(pre-)arcing > or
time substract Tarc -
=
preferred last valid
method operation
+ + TMECHJasl
e
~—"—1 Configuration data TwmecH 1 TwvecH.2
P Tyech Selector -«
to be set through the web MMI
l TMECH
_ NO
et e
D— — —
Figure 38 : operating time measurement
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During a pole closing operation : as soon as the RMS current rises up above the preset “detection threshold” |rms_tH, the

current initiation event is dated when its instantaneous value crosses the preset “dating threshold” Ity, as illustrated on
the Figure 39 below.

pole coil driving voltage

Display Settings Downloads p0|e auxi “ary contact

OPEN X CLOSED

General Closing Opening  Metwark & Time

ISETTINGS RELOAD
[oheck box O then click on to apply change

IOPERATING TIME MEASUREMENT
Auxiliary contact time-shift R M S d etection th res h 0 I d

Detection Dating

Current threshelds € oo DAaims) € 1mo A
Min Max

Closing measurement limits 0.00 ms 200 I ms

instantaneous
dating threshold

—Jqeaas

ELEC

Figure 39 : waveform analysis for dating current initiation : example for a pole closing operation

In the same way during a tripping operation : as soon as the RMS current falls down below Irms_tH, the current
interruption event is dated when its instantaneous value crosses ItH.

Both of these thresholds shall be adjusted through software settings (web MMI) :
- 1 pair of thresholds for closing operations

- 1 pair of thresholds for tripping operations

The same thresholds apply to each pole. Recommended values are given below :

|
AT <095 |01<—" <0.2

I RATED I PEAK
Table 3 : recommended values for current thresholds (operating times measurement method #2)

03<
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3-4.7 Sampling HV currents

The RPH3 controller shall be connected to external measurement CTs (Current Transformers) through its dedicated
interface (M3-)4 connector + safety socket).

Figure 40 : safety socket on M3-)4 interface

These measurement CTs shall be wound around the 3 HV phases, as illustrated below :

—
ph. L1 P p2
S1 S2
—>
ph. L2 P/ \P2
S1 S2
ph. L3 P p2
S1 S2
Not connected
| |

O M3-J4:01 Q M3-J4:1 o
M3-J4:02 M3-J4:2 M3-J4:03 M3-J4:3 M3-J4:04 M3-J4:4

RPH3 ul

Figure 41 : HV current measurement interface

Recommended measurement CTs shall be accurate (recommended precision class : 0.5 / 1 / 3), suitable for 50/60 Hz
applications, and have a nominal output current (secondary winding) of either 1 A or 5 A (output power = 5 VA).

For safety reasons it is important to prevent maintenance people from spurious overvoltages that may appear across CT
terminals during secondary winding disconnection. This safety socket ensures to short circuit CT secondary winding at
disconnection, so that such overvoltages cannot appear.
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The current transforming ratio shall be known by the RPH3 controller, so that it can assess the actual HV current flowing
through each switchgear pole.

These settings shall be adjusted by the user at RPH3 commissioning through the web MM, as illustrated below :

General Closing Opening  Network & Time

SETTINGS RELOAD
Check box [ then click on to apply change

RATED LEVELS

Primary Secondary
Reference voltage phase-phase 512,500 KV (rms) 114,285 V{rms)
Current 2000 A (rms) ® 1A O 5A

Figure 42 : current transforming ratio settings (web MMI)

Thanks to this transforming ratio, the RPH3 controller is able to assess the instantaneous current on each pole during a

switchgear operation and continuously compare it to a preset threshold, to be adjusted through the web MMI as
illustrated on Figure 43 below :

Display Settings Downloads

General Closing  Opening  Network & Time

SETTINGS RELOAD
Check box O then click on to apply change

ALARMS THRESHOLDS

Max Min
Primary current peak [ 100 |A

Control voltage | 300 | v | 35 | V

Figure 43 : instantaneous HV current threshold adjustment (web MMI)
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In case this current exceeds the preset threshold, the RPH3 controller trigs an alarm and keeps it active until the next
operation command is received :

Display Settings Downloads

Status  Sensordata  Input signalling  Lastclosing results  Last opening results No 3s 20s

APPLICATION ALARMS

Reference voltage Ok Line current Ok
Neutral system Ok Application behaviour Ok
Switchgear closing Ok Switchgear opening Ok
Operating time compensations O} Control voltage Ok

Figure 44 : instantaneous HV current alarm (web MMI)

For E&C purposes, the RPH3 additionally offers a “real-time” monitoring feature of the HV currents through its web
MM, as illustrated below :

Display Settings Downloads

Status  Sensordata  Inputsignalling  Lastclosing results  Last opening results No 3s 20s

SENSOR DATA \'2
Control voltage 00V

RMS Reference

Voltage L1 Frequency RMS Current L1 L2 L3
Primary 0.030 kv 88.89 Hz Primary 2777 A 1.744 A 0716 A
Secondary 0007 vV : Secondary 0.001 A 0.001 A 0.000 A

Figure 45 : "real-time” monitoring of HV currents for E&C purposes

The RPH3 characteristics on this interface are given below :

Rated characteristics | Min | Typical ‘ Max | Unit
M3-)4 connector MSTB 2,5/3-5TF-5.08
differential input impedance (between S1 and S2 connection terminals) 0 0 0.1 Q
current amplitude - 1or5 - A
RPH3 power consumption on this input - 5 - VA
Insulation level 2000 - - v
05-2012 D1620 ENO3
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3-4.8 Sampling HV line voltages

The RPH3 controller may sample the 3 HV line voltages thanks to dedicated VTs, primary windings of which shall be
connected to the switchgear terminals on the side where the circuit elements to be (de-)energized are located. Although
it is not requested for TCR applications, this connection is mandatory for line switching applications, in order the RPH3 to
be able to assess the beating voltage across each switchgear pole on re-closing operations (refer to section 4-5 page 116
for further details).

AC voltages as delivered by these VTs are real-time images of the system 3 phase voltages.

r e e e
Not required for TCR applications EEE

HV electrical !
network L. |

|

M3-J3304 — |- ————
M3-J3lod——f—————ft———
M3-33:2

M3-33504————————
M3-J3:4

M3-J3:6
M3-J3:7 O
M3-J3:8 O

RPH3

CBR drives

Figure 46 : connecting HV line voltages interface

NOTE1 : the VTs shall be chosen so that the nominal RMS voltage across their secondary windings (connected to the
RPH3) is either 100V/+'3 (option VT100) or 220V/~3 (option VT220).

NOTE2 : For line switching applications (firmware “RPH3-L"), the VT transforming ratios shall be adjusted by a software
setting (through the web MMI) as illustrated below :

Display Settings Downloads
General Closing  Opening  Calibration  Internal  Network & Time

SETTINGS RELOAD
Check box [ then click on to apply change

RATED LEVELS
Primary Secondary

Reference voltage phase-phase 512500 KV (rms) 114.285 WV {rms)
Load voltage phase-phase 512,500 kV {rms) 113.889 V (rmsj

Current A {rms) @ 1A O5A

Figure 47 : VT transforming ratio setting for HV line voltages
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NOTES3 : For commissioning and maintenance purposes, the actual voltage levels are accessible through the web MM
(authorized access levels only) :

DUVEl Setngs  Downloads

Status  Sensordata  Inputsignalling  Lastclosing results  Last oper

SENSOR DATA

ov 0.0000 Y +15V 15.0425 v
L1
Hydraulic drive
Control voltage 0.0V pressure -97 41 bars

RMS Reference

Voltage L1 Frequency RMS Current
Primary 0.026 kv 84 .56 Hz Primary
Secondary 0.006 ¥ - Secondary
Eihr:les Voltage L1 L2 L3

Primary 0.033 kv 0.024 kv 0.083 kv
Secondary 0007V 0005V 0019V

Figure 48 : HV line voltages measurements

RPH3 characteristics on this interface are given below :

Rated characteristics | Min | Typical ‘ Max | Unit
M3-J3 connector MSTRB 2.5/8-5TF-5.08

input impedance - 8 - kQ
frequency 20 - 60 Hz
input voltage (option VT100) 15 | 100/v3 | 150 | Vrms
input voltage (option VT220) 30 | 220/¥3 | 330 | Vrms
RPH3 power consumption on this input - - 2 VA
Insulation level 2000 - - V
Measurement error - - 1 %
05-2012 D1620 ENO3
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3-5 Compensation of switchgear operating times
3-5.1 Overall principle

The operating time of each CB pole during openings and closings are significantly dependant on several factors :

- ambient temperature

- CB coils supply voltage

- Hydraulic pressure (for CB with hydraulic driving mechanisms)

- CBidle time (amount of time between 2 successive CB operations - for hydraulic CBs only)
- Other factors (drive dynamic performances, aging, etc.)

When processing a CB operation command, the RPH3 shall take these factors into account while forecasting the
expected operating time on each CB pole, in order to ensure HV current establishment / interruption at target dates :

\/

targe

1t

Toreac=1.4 ms

J PoWi.:=133ms t .= 64.3 ms

£l'tv:-:«u-en al-:n:=4.1 ms

At anesn=-3.9 Ms

1 1 | 1 T

| 20 40 60 g0 100
Time [ms]

Figure 43 : compensations : example on a closing operation

t = + At + At

operation trated

compensatins adapt
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where :
- toperation = expected operating time of the concerned CB pole, as forecasted by the RPH3 controller

- trated = operating time of the pole as measured on site during CB commissioning in conditions as close as
possible to rated conditions (temperature = 20°c, coil voltage = U,.q, hydraulic pressure = P g, €tC.)

- Atcompensatjns = sum of the time compensations due to factors that the RPH3 can measure / assess and
that follow linear compensation laws :
o ambient temperature
o CB coails supply voltage
o Hydraulic pressure (for CB with hydraulic driving mechanisms)
o CBidle time (amount of time between 2 successive CB operations - for hydraulic CBs only)
- Atadaptive_control = sum of the time compensations due to all other factors that cannot be measured by
independent processes or follow stochastic compensation laws (CB aging, etc.).

Each of these contributions to the overall compensation time of a given pole operation can be independently enabled or
disabled through a software setting in the web MM :

General Closing Opening  Calibration  Internal  Network & Time

SETTINGS RELOAD
Check box [ then click on to apply change

OPERATING TIME COMPENSATIONS

Temperature O Disable ® Enable
Control voltage ® Disable O Enable
Hydraulic drive pressure ® Disable O Enable
Idle ® Disable O Enable
Adaptive O Disable ® Enable

Figure 50 : compensation contributions enabling / disabling

The following sections describe how these different contributions are assessed by the RPH3 controller.
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3-5.2 Contribution of the ambient temperature

For outdoor applications, ambient temperature may significantly impact the switchgear performance : in a global
approach CBs are slower at low temperatures.

3-5.2-1 Compensation law

For each kind of operation (CB closing and CB tripping) the RPH3 controller embeds a table of 11 values of
compensation time indexed by temperatures (10°C steps), that shall be adjusted through the RPH3 web MMI during
commissioning (access level = Supervisor), as illustrated below :

General Closing Opening  Calibration  Internal  Network & Time

SETTINGS RELOAD
Check box [ then click on to apply change

OPERATING TIME COMPENSATIONS

Ambient temperature
50 °C 40 °C 30 °C 20 °C -10 °C 0°c +10 °C +20 °C 430 °C +40 °C 450 °C
[ 1000 ][ 900 ][ soo |[ soo || 2s0 [ 100 [ oso |[ ooo || -030 |[ -050 [ -100 |ms

Figure 51 : temperature compensation table setting in the web MMI ( access level 2 Supervisor)

This table gives the contribution (in ms) of the pole operating time compensation for a given ambient temperature,
thanks to a linear interpolation between 2 adjacent points on the curve below :

Temperature compensation table (CB closing)
o compensation time [ms]

Example : Atg q7oc = +4.25 ms P
ESAMpID . A% ~_
S FLreg L £ n L TPty P £ RN L PR, FLhg L N ans CLreg P £ RN g AR £ S g """"“""""“\::\:-5"-:_:\:;“__':—‘;'_' """"""" 1 """""""""""""""""""""""""
—s_m_______ﬁ_
T T T T T T ——______“_—— T
-50 -40 -30 -20 -10 0 10 .20 30— fM——__ 8n
Temperature [°C]

Figure 52 : temperature compensation characteristic (linear interpolation) : example for closing operations

NOTE : the compensation tables may be filled with different values for opening and closing operations
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3-5.2-2 Measuring the ambient temperature

The RPH3 continuously samples the ambient temperature thanks to a dedicated sensor that shall be installed outside, in
a location with no direct exposure to sun beams or wind. The sensor is to be supplied by the RPH3 itself (+24Vp¢ output).

Roof

Control room

| Temperature
\ sensor

Waterproof plastic housing

Cubicle

RPH3 N

+24Vpc
GND

M3-J2:3
M3-J2:2
M3-J2:1

RPH3

J
Figure 53 : typical installation of the ambient temperature sensor

Any kind of temperature sensor might be installed, provided that its interface to the RPH3 is a standard [4..20 mA]
(+24V) analogue signal. The scaling factors shall be adjusted through the web MM :

General Closing Opening  Calibration  Internal  Network & Time

SETTINGS RELOAD
Check box [ then click on to apply change

SENSORS INPUTS SCALING

4 mA 20 mA
Ambient temperature -50.000 & 50.000 i

Figure 54 : web MMI : adjusting the temperature sensor scaling factors (access level 2 Supervisor)
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RPH3 characteristics on this interface are given below :

Rated characteristics \ Min \ Typical \ Max | Unit
M3-J2 connector MC 1,5/12-5TF-3.5
input impedance (pins 2:1) 99 100 | 101 Q
input impedance (pins 2:3, pins 1:3) 16 - - kQ
sensor supply voltage - 24 - Vi
input current (as delivered by the sensor) - [4..20] | - mA
output power (as delivered to the sensor) - - 2 VA
Measurement error - - 3 %

3-5.3 Contribution of the CBR control voltage

Switchgear actuators are usually made of coils driving a mechanism thanks to magnetic forces (Lenz law) : the
mechanical load is proportional to the current square. Since the rising rate of the current is U/L - where L is the coil
inductance and U the control voltage as applied to the coil - any change on the voltage level directly impacts the
mechanical load, and hence the operating time. This influence is compensated by the RPH3 controller.

3-5.3-1 Compensation law

For each kind of operation (CB closing and CB tripping) the RPH3 controller computes Atvoltageas an amount of time to

be added to the nominal expected operating time of a switchgear pole thanks to the below formula :

U
—rated _ 9 | kU.Top

meas

At

voltage rated

where :
Urated= rated level of the coils supply voltage (software setting in the web MMI)
U, ...= actual level of the coils supply voltage, as sampled by the RPH3 controller at the time it received the
operation command impulse.
- T0p,ated = rated operating time of the concerned CB pole, as measured under nominal conditions at
U= Urated during a CB operation of the same nature (i.e. during a CB opening operation in case of an open
command, or a CB closing operation otherwise).
- kU - compensation factor as a percentage (software setting in the web MMI).
05-2012 D1620 ENO3
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General Closing  Opening  Calibration  Internal  Network & Time

SETTINGS RELOAD
Check box [ then click on to apply change

OPERATING TIME COMPENSATIONS

Ambient temperature

50 °C 40 °C -30 °C 20 °C -10 °C 0°C +10 °C +20 °C +30 °C +40 °C +50 °C

[ 490 [ 420 ][ 380 |[ 280 [ 170 [ oso ][ os ][ oo |[ 010 ][ 040 |[ 120 |ms
Rated kU

Control voltage vV
Rated kP

Hydraulic drive pressure bars

Figure 55 : web MMI : voltage compensation settings

For information, kU shall be assessed during commissioning (or switchgear type tests) as :

To —(To
kU[%] _ ( I"J)U,DW ( p)Urated 100

—rated _ 1 '(Top)Urated

low

Where :
- {(Top)umed; Urated} is the nominal operating point of the concerned pole (coils voltage = U _,.,)

{(TOp)U,OW;Ulow} is an other operating point of the same pole, obtained while coils are supplied with a voltage
lower than U 4 (all other parameters being the same i.e. ambient temperature, hydraulic pressure, etc.)

NOTE : the KU factor may be set to different values for opening and closing operations
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Example of kU assessment for closing operations : case of T155-2 CB fitted with an hydraulic drive

48 .4 4

48 2 4

48

Closing Time

47 4 4

47 .2 4

47

100 110 120 130 140 150 160
Control Voltaga

Figure 56 : coils supply voltage compensation characteristic

- Operating point #1 (measurement under rated conditions) : {(Top)U,ated =47.9ms;U,_ . = 125V}
- Operating point #2 (rated conditions + low voltage) : {(Top)wow =483ms;U, = 100V}
=>» Voltage compensation factor :
483—47.9
kU= =3.3%

125

— =1 1.47.9

100
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3-5.3-2 Sampling the CBR coils supply voltage

The RPH3 controller (module M3) is able to measure by itself the coils supply voltage. No additional equipment is
required, as illustrated below :

Ucoils + °
Ucoils -
P
¢
¢
O O
V4 V4 - o~
— —
i ?
S 2
RPH3

Figure 57 : connecting coils supply voltage monitoring interface

The RPH3 characteristics on this interface are given below :

Rated characteristics ‘ Min ‘ Typical ‘ Max | Unit
M3-J2 connector MSTB 2,5/2-5TF

input impedance - 63 - kQ
input voltage amplitude 48 - 250 | Vpe
RPH3 power consumption on this input - - 2 VA
Insulation level 2000 - - v
Measurement error - - 3 %
05-2012 D1620 ENO3
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3-5.4 Contribution of the hydraulic pressure

The operating time of a switchgear pole is directly dependent on the amount of energy available in its driving system
during the concerned operation.
Therefore, spring based mechanism are designed for operating at constant energy (proportional to the spring charge

square, which is a geometrical parameter), whereas the energy available in hydraulic drives accumulators may not be the
same from one operation to an other.

Hence the RPH3 controller shall continuously measure the hydraulic pressure via external sensors and assess its
contribution for operating time compensation.

3-5.4-1 Compensation law

For each kind of operation (CB closing and CB tripping) the RPH3 controller computes Atpressureas an amount of time to

be added to the nominal expected operating time of a switchgear pole thanks to the below formula :

P
At —tated _ 9 [kP.Top

meas

pressure rated

where :
Prated= rated level of the hydraulic pressure (software setting in the web MMI)
P .as= actual level of the hydraulic pressure, as sampled by the RPH3 controller at the time it received the
operation command impulse.

- TOP,, .4 = rated operating time of the concerned CB pole, as measured under nominal conditions at
P=P,_,.q during a CB operation of the same nature (i.e. during a CB opening operation in case of an open
command, or a CB closing operation otherwise).

- kP - compensation factor as a percentage (software setting in the web MMI).
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Display Settings Downloads

General Closing Opening  Calibration  Internal  Network & Time

SETTINGS RELOAD
Check box [ then click on to apply change

OPERATING TIME COMPENSATIONS

Ambient temperature

<50 °C 40 °C =30 °C =20 °C -10 °C 0°C +10 °C +20 °C +30 °C +40 °C +50 °C

[ 490 |[ 420 || 3s0 || 280 |[ 170 |[ o090 |[ os0 || o000 [ 010 |[ -040 |[ 120 |ms
Rated kU

Control voltage V
Rated kP

Hydraulic drive pressure bars

Figure 58 : web MMI : pressure compensation settings

NOTE : the KP factor may be set to different values for opening and closing operations

For information, kP shall be assessed during commissioning (or switchgear type tests) as :

To —(To
(Ton)e,, ~(Top)e,.,

_rated _ 4 .(TOP)prated

low

kP[%] =

Where :
- {(Top),,rated; Prated} is the nominal operating point of the concerned pole (hydraulic pressure = P, ,)

- {(Top),,'ow;Plow} is an other operating point of the same pole, obtained while the pressure in the concerned

hydraulic accumulator(s) is lower than P,..q (all other parameters being the same i.e. ambient temperature, coils
supply voltage, etc.)
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Example of kP assessment for closing operations : case of T155-2 CB fitted with an hydraulic drive
85 4

54

53 1

52

51 4

50 4

Closing Time

49 A

48

47 A

46 -

45

290 300 310 320 330 340 350
Hydraulic Pressure
Figure 59 : hydraulic pressure compensation characteristic

=350b}
- Operating point #2 (rated conditions + low pressure) : {(Top)r,hJW =53.1ms;P, , = 280b}

- Operating point #1 (measurement under rated conditions) : {(Top) 4= 47.6ms;P

Prate rated

=>» Pressure compensation factor :

53.1-47.6
kP = = 46.2%

(350 )
= _1l4a76
280

3-5.4-2 Sampling the hydraulic pressure

Any kind of pressure sensor might be installed, provided that its interface to the RPH3 is a standard [4..20 mA] (+24V)
analogue signal. The scaling factors shall be adjusted through the web MMI :

General Closing Opening  Calibration  Internal  Network & Time

SETTINGS RELOAD
Check box [J then click on to apply change

SENSORS INPUTS SCALING

4 mA 20 mA
Ambient temperature -50.000 S 50.000 S
Hydraulic drive pressure 0.000 bars 400.000 bar

Clear | | Set

Figure 60 : web MMI : adjusting the hydraulic pressure sensor scaling factors (access level 2 Supervisor)
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RPH3

Figure 61 : connecting hydraulic pressure sensors

The RPH3 characteristics on this interface are given below :

Rated characteristics

\ Min \ Typical \ Max | Unit

M3-J2 connector

MC 1,5/12-5TF-3.5

input impedance (pins 5:4, pins 8:7, pins 11:10) 99 100 101 Q
input impedance (pins 6:4, pins 9:7, pins 12:10) 16 - - kQ
sensors supply voltage - 24 - %
input current (as delivered by each sensor) - [4..20] | - mA
output power (as delivered to each sensor) - - 2 VA
Measurement error - - 3 %
D1620 ENO3

05-2012

65/125



GE GRID Solutions RPH3 service manual
High Voltage Switchgears

- |
_ l

3-5.5 Contribution of the switchgear idle time

A specific compensation shall be enabled (software setting in the web MMI) in case the switchgear is not frequently
operated. The inactivity (idle) time of a circuit breaker has a significant influence on its operating times, especially if
driven by an hydraulic mechanism.

3-5.5-1 Compensation law

As assumed by the RPH3 controller, compensation of the idle time contribution to switchgear operating times is based on
Cigré technical conclusions, according to the below formula computing At as an amount of time to be added to the
nominal expected operating time of a given switchgear pole :

Tidle

At., =Al1-e®

idle

Where :

- Aand B- integer parameters to be set by software through the web MMI (by default A=2ms and B = 10
days). Precise values of A and B parameters shall be measured during switchgear type tests by the
manufacturer.

- Tid|e= amount of time (in days) elapsed since the last switchgear operation.

Display | Settings Downloads

General Closing Opening Calibration Internal  Network & Time

SETTINGS RELOAD
Check box [ then click on to apply change

OPERATING TIME COMPENSATIONS

Ambient temperature

<50 °C 40 °C =30 °C =20 °C -10 °C 0°C +10 °C +20 °C

[ 400 | 420 || 38 |[ 28 || 170 |[ oso || o0s |[ o000 |
Rated kU

Control voltage vV
Rated kP

Hydraulic drive pressure bars
Coetficient A Coemticient B8 |

[ 20 Jms 705 Jdays

Figure 62 : web MMI : idle time compensation settings
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T155-2CB with hydraulic drive
Idle time influence at nominal voltage DC129V and nominal pressure 340bar

49.8

49.7 4

49.6 4

48,5 4

49.4 |
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49.2 4

491 4

44

48.9 4

Closing time (ms)
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48.6 4

48.5 4

48.4

48.3
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48.1 4 T T T - r T
0 20 40 60 80 100 120 140
Idle time (hours)

Figure 63 : idle time compensation law characteristic

NOTE: A and B weighting factors may be set to different values for opening and closing operations.

3-5.5-2 Measuring the switchgear idle time

The idle time Tidle of the switchgear is measured by the RPH3 controller itself as the amount of time (in days) elapsed

since the last switchgear operation. It is reset each time the switchgear is operated, whichever the type operation
(opening or closing).
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3-5.6 Contribution of all other factors : the adaptive control

At long term, the operating time of a given switchgear pole may still vary from one operation to an other, even if major
environmental conditions are kept constant (ambient temperature, hydraulic pressure, etc.)

The remaining deviation may be due to several other factors that cannot be precisely assessed (aging, electro dynamical
efforts, etc.). However, the combination of these factors may significantly affect the pole operating time, thus introducing
a time shift between the expected operating time (as forecasted BEFORE the operation) and the actual one (as measured
AFTER the operation).

Therefore, the RPH3 controller embeds a specific feature in order to compensate this extra time (i.e. decrease this
deviation after a few operations) : this feature is called “adaptive control”.

Without Adaptive Control With Adaptive Control

6.0 — 6.0
E 50 ) . £ 5o ) .
= Without adaptive control o With adaptive control
£ 4.0 = 4.0
= 230
z = 20
2 5
E S 10
2 Z 0
= ‘T
5 = -10
g -1.0¢t 500 1000 1500 500 1000 1500

22,0 2.0

Number of operations (Times) Number of operations ( Times)

Figure 64 : effects of the adaptive control
Data source : Mitsubishi

3-5.6-1 Compensation law

The adaptive contribution of a given pole for a given operation (N) is defined as a fraction of the time shift between the
forecasted operating time during the last similar operation (N-1) and the actual one (as measured by the RPH3
controller).

The adaptive contribution for the operation number N is calculated as follows :

Atada Pl = K’(tmeasureq,_1 - tcommissioing - Atcompensat;ins,\,_1 )+ (1 - K)’ Atadap'qq_1

where :

- K= weighting factor. It shall be chosen in the range [0.0; 0.5] in order the adaptive control loop to be faster or
slower : the closer to 0.5 the less operations are required for the adaptive contribution to be compensated (but
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the precision is lower). The closer to 0 the more operations will be required, but the algorithm is more precise.
K = 0.3 is the default setting recommended by GE Grid Solutions.

- tmeasureqt,_l = operating time of the concerned pole as measured by the RPH3 after completion of the last
similar operation (i.e. opening or closing).

-t . . . =rated operating time of the concerned pole, as measured with a separate equipment during
comissionng

switchgear commissioning on site.
- AtcompensaﬁnsN_l = sum of the compensations as computed on the concerned pole by the RPH3

controller during the last similar operation: includes all compensations (towards ambient temperature, hydraulic
pressure, idle time and coils supply voltage) computed on the previous similar CB operation (N-1).

Display Settings Downloads
General Closing  Opening  Calibration  Internal  Network & Time

SETTINGS RELOAD

Check box [ then click on to apply change

OPERATING TIME COMPENSATIONS

Ambient temperature

=50 °C ~40 °C =30 °C -20 °C =10 °C 0°C +10 °C +20 °C

[ ooo || ooo || ooo || ooo |{ ooo || ooo |[ ooo || o000
Rated kU

Control voltage 220.00 v
Rated kP

Hydraulic drive pressure 350.00 bars
Coefficient A Coefficient B

e 25 _Jms days

Maximum instantaneous total (%) 10.00 ms
K

daptive
Maximum adaptive (%) 10.00 ms

Figure 65 : web MMI : adaptive control weighting factor adjustment

NOTE : the adaptive control weighting factor K is unique for both closing and opening operations.
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3-6 Compensations clamping

Several reasons could lead the operating time of a given CB pole to change roughly from 1 operation to the next one
(maintenance, testing, unexpected disturbances, etc.).

In such cases, the RPH3 controller shall trig some alarms (refer to section 3-7, page 71). But these situations may also
“corrupt” the time compensations and adaptive control feature, since they would lead a large difference between the
expected (forecasted) operating time and the actual one (as measured after the operation). In order to prevent the

resulting high values of Atcompensaﬁns and Atadapt to artificially “oversize” the operating time forecast during

the next CB operation, the RPH3 uses a “clamping” function, that limits both of these time shifts to maximum absolute
values (in ms), that may be adjusted by software setting through the web MM :

General Closing Opening  Calibration  Internal  Network & Time
SETTINGS RELOAD
Check box [ then click on to apply change
OPERATING TIME COMPENSATIONS
Ambient temperature
=50 °C ~40 °C -30 °C -20 °C =10 °C 0°C +10 °C +20 °C
[ ooo ][ ooo [ ooo |[ o000 ][ om0 ][ ooo ][ ooo ][ ooo0
Rated ku Clamping threshold for
Control voltage 220.00 v !
Rated Itcompensatins
Hydraulic drive pressure 350.00 bars
Coefficient A Coefficient B .
Idle ,T‘ ms E Clamplng threshold for
aximum instantaneous total (¥) 10.00 ms Atadapt
Kk
Adaptive 0.3
aximum adaptive (%) 10.00 ms

Figure 66 : web MMI : adjusting compensations and adaptive control clamping feature

NOTE 1 : both “clamping” thresholds are defined as absolute values, so that the sign of Atcompensau'ns and

Atadapt is respected by the clamping functions.

NOTE 2 : “clamping” thresholds are defined once for both opening and closing operations. It is not possible to apply a
threshold value for closing operations which differs from the one for opening operations.
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3-7

&

Alarms, real-time data and switching records

The RPH3 controller is able to provide the user with useful information on its own status (auto-diagnostic), the
switchgear status and the application history (switching records).

These data are accessible either in “real-time” mode (e.g. periodically refreshed measurements and current status of
alarms) or in “dated event” mode (e.g. switching records, alarms history).

The RPH3 web MMI (embedded software) provides access to real-time data (including the current status of all alarms),

and also to the data associated to the most recent PoW switching operation attempt (non-volatile memory).

Display

Settings

Status  Sensordata Inputsignalling  Lastclosing results  Lastopening results

Downloads

CLOSING CHANNEL

Operation aborted

Counter 0 Last Tg‘;gan 100:00:00 Alarms  No Error
SENSOR DATA
ov 0.0000 V +15V 15.0425V
& i i Operation launched
Thu Jan 100.00:00 No E
c L Al lo Erro
Control voltage 0.0V Hydraulie drive o7 41 pors  q741bars  -0741bars| oMM O #1970 e i
pressure
L 2 L3
s:’l'fa::'“e"“ L Frequency RMS Current L1 L2 3 Commands programmed 0 0 0
Primary 0.026 kv 84.56 Hz Primary 2777 A 1744 A 0716 A Commands sent il 0 0
Secondary 0.006 V Secondary 0001A 0.001A 0.000 A
start Qs End Ous
Processing signal Qs
RMS Voltage
Line L L2 L3
Primary 0.033 KV 0.024 kY 0.083 kY Zero crossing index 0.000 Measured Frequency 0.000Hz
Secondary 0,007V 0005V 0019V Zero crossing frequency 0.000 Hz Targeted zero crossing Ops
Figure 67 : accessing real-time data (web MMI) Opération o 3 =
Switching I Do Done
Processing e veratior or next operation Ready for next operation
Tripolar order
2 L3
Expected commands sent Qps Ops Ops
Commands sent Qps Ops Ous
Mosfets stage 1 command Qps Ops Ops
Mosfets stage 2 enable Qps Ops Ops
Auxiliary contact Ops Ops Ops
Current detection Ops Ops Ops
Switching Detection Ops Ops Ous
11 12 12
Figure 68 : accessing last PoW switching data (web MMI)
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3-7.1 Real-time data

The following data are accessible in real-time mode through the RPH3 web MMI :

Sensors Data unit
Coils supply voltage measurement (DC) V
Hydraulic drive pressure (1 measurement/phase) Bars
Ambient temperature °C
Reference phase identification (L1, L2 or L3)
Reference voltage measurement at VT secondary winding (RMS value) Vv
Reference voltage at VT primary winding (RMS value, assessed from measurement at VT secondary) kV
Reference voltage frequency measurement at VT secondary winding Hz
Current measurement through CT secondary winding (RMS value, 1 measurement / phase) A
HV Current flowing through CT primary winding (RMS value, 1 assessment / phase from kA
measurement at CT secondary)

Input signaling & main settings summary

possible values

Switching program to be applied during the next CB operation TRANSFORMER,
REACTOR,
CAPACITOR,
USER PROGRAM
Associated shift angles for CB closing operations ° (angular)
Associated shift angles for CB opening operations ° (angular)
Status of the system neutral mode, UNKNOWN,
as detected by RPH3 Hardware (wire bridge) or set by MMI software setting EARTHED,
ISOLATED
Preferred strategy for operating time measurement HV CURRENT,

AUX. CONTACTS

List of currently enabled contributions to switchgear operating times

AMBIENT TEMPERATURE,
CONTROL VOLTAGE,
HYDRAULIC DRIVE PRESSURE,
CB IDLE TIME,
ADAPTIVE CONTROL

Status of switchgear auxiliary contacts ( 1 aux. contact / CB pole)

OPEN,
CLOSED,
UNKNOWN

Global Status

possible values

Firmware version

TCR VX.YY, LINE VX.YY

Last switching result (front red led “2 - Switching status”) OK, ALARM
Alarm relay “All-or-Nothing” (monostable relay) OK, ALARM
Alarm relay “flip-flop” (bi-stable) #1 OK, ALARM
Alarm relay “flip-flop” (bi-stable) #2 OK, ALARM
Alarm relay “flip-flop” (bi-stable) #3 OK, ALARM
Alarm relay “flip-flop” (bi-stable) #4 OK, ALARM
System alarm (front red led “3 - System alarm”) OK, ALARM
Application alarm (front red led “4 — Application alarm”) OK, ALARM
05-2012 D1620 ENO3

72/125




GE GRID Solutions

High Voltage Switchgears RPH3 service manual

—————

o

System alarm details

possible values

Date RELIABLE, NOT RELIABLE
U/I calibration status OK, NOT DONE
Parameters Loading OK, NOT OK
Parameters Validity OK, NOT OK

RPH3 closing output channel status (internal self-test) OK, NOT OK

RPH3 opening output channel status (internal self-test) OK, NOT OK
Internal check (self-test) OK, ERROR

Analogue sensors inputs status (4-20 mA)

OK, AT LEAST ONE DOESN’T WORK

Application alarm details

possible values

Reference voltage

OK,
OUT OF RANGE FREQUENCY,
OUT OF RANGE AMPLITUDE

HV current peak value (as measured during the last switching operation) OK,
OVER USER-DEFINED THRESHOLD
System neutral mode UNKNOWN,
as detected by RPH3 Hardware (wire bridge) or set by MMI software setting EARTHED,
ISOLATED

Application behaviour (internal algorithm self-test results)

OK, ALGO STEP X ALARM

Switchgear closing time (as measured on each CB pole during the last closing

V' Min < Atcompensabins < Max?
v Min< Al agapt < Max?

operation : refer to section 0, page 42) 0K,
v’ Min< Top_measured < Max ? ALARM
v" ATop < tolerance ?

Switchgear opening time (as measured on each CB pole during the last

opening operation : refer to section 0, page 42) 0K,
V' Min £ Top_measured < Max ? ALARM
v" ATop < tolerance ?

Operating time compensation clamping (refer to section 0, page 70) : 0K

COMPENSATION OUT OF RANGE,
ADAPTIVE CONTROL OUT OF RANGE

v" Min < Ambient temperature < Max ?

Control voltage (coils supply DC voltage, instantaneous measured value) OK,
v’ Min< U_ ... <Max? OUT OF USER-DEFINED RANGE
Ambient temperature (instantaneous measured value) 0K,

OUT OF USER-DEFINED RANGE

Hydraulic drive pressure (instantaneous measured values inside each hydraulic
drive)

V' Min < P a5 (L1) < Max ?
V' Min < P .57 (L2) < Max ?
V' Min< P as " (L3) < Max ?

OK,
OUT OF USER-DEFINED RANGE

05-2012

D1620 ENO3
73/125




GE GRID Solutions RPH3 service manual
High Voltage Switchgears

- |
_ |
Self-test alarm details possible values
Self-diagnostic of the RPH3 ability to close each CB pole (test result) OK, FAILED
Self-diagnostic of the RPH3 ability to open each CB pole (test result) OK, FAILED
CB closing enable self-diagnostic result (for each CB pole) OK, FAILED
CB opening enable self-diagnostic result (for each CB pole) OK, FAILED
CB closing coils continuity test result (for each pole) OK, Discontinuity
CB opening coils continuity test result (for each pole) OK, Discontinuity

NOTE 1 : data periodical refresh rate can be adjusted through the web MMl to :
- 0 (no refreshment),
- 3 seconds,
- or 20 seconds

NOTE 2 : for erection, commissioning, maintenance and factory calibration features, the RPH3 web MMI offers
additional access levels, that provide access to other data in real-time mode (for advanced users only).

3-7.2 Alarm signaling

The RPH3 controller includes 2 visual indicators (red LEDs on its front panel) and 5 relay-driven output contacts that are
dedicated to alarm signaling (i.e. warning the user in case alarms are trigged by the RPH3 controller).

Its front panel also includes 2 additional green status LEDs (to be lit ON while a normal operation is on progress).

Mé-J4

RPH3

Flip-flop #4 output
contact
Flip-flop #3 output
contact

2 status LEDs

LN N

]
2 alarm LEDs

, Flip-flop #2 output
contact

Flip-flop #1 output
contact
All-or-Nothing output

contact

P
§ -
.

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 18|

CHENREBREN NN RN

l Waorldwide Support Center 24/7 : +44 1785 250 070

Figure 63 : front panel LEDs and alarm relay-driven output contacts

The term “alarm” stands for a signal that might be turned ON (activated) by the RPH3 controller in case = 1 condition(s)
is (are) fulfilled at a given instant. The RPH3 processing cycle towards triggable alarms is the following :
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Figure 70 : alarm processing cycle

3-7.2-1 green status LED : “1 - Power supply”

This visual indicator is associated to a continuous monitoring feature of the RPH3 power supply: it is turned and
maintained ON as long as the available power on M1-J1 terminals is sufficient for normal operating, (see Figure 82, page
90). It is OFF in case the available power is out of the allowed range (this range depends on the considered RPH3 variant

: refer to section 3-10, page 89).

3-7.2-2 Green status LED : “2 — Switching status”

This visual indicator is OFF while no switchgear PoW operation is on progress. It is turned ON while a PoW switching
operation is being processed by the RPH3 controller, and maintained for ~4 seconds (until the end of signals recording
process : refer to section 3-7.3 page 81 for further explanations).

WARNING : This light IS NOT an alarm; its status (ON or OFF) does not mean that a problem occurred during the last
PoW switching operation. It is actually driven as an “activity” LED, indicating that a PoW switching operation is currently
being processed by the RPH3 controller.
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3-7.2-3 Red alarm LED : “3 — System alarm”

This visual indicator is associated to “system leve

|u

group of alarms : it is turned ON as soon as = 1 of the conditions

below is fulfilled (see Table 4), and automatically hold ON until none of these conditions is fulfilled anymore (logical OR
function between alarm conditions) :

Conditions triggering system alarms

Name

Description

Date

The current date has not been properly set : use the web MMI to adjust it

U/I calibration

A problem has been detected in internal current and voltage calibrations as performed by the
factory during RPH3 manufacturing process. Please contact GE Grid Solutions.

Parameters loading

A problem has been detected during the software settings loading process. Restart the RPH3
controller. If the alarm is still ON, please contact GE Grid Solutions.

Parameters validity

A problem has been detected between software settings. Restart the RPH3 controller. If the
alarm is still ON, please contact GE Grid Solutions.

Opening output channel

A problem has been detected by the continuous monitoring feature of the switchgear opening
control channel : either a discontinuity in the external CB opening circuit or an RPH3 internal
issue with MOSFET switching transistors. Check the continuity of the monitored circuit,
disconnect any additional continuity monitoring device and restart the RPH3 controller.

If this alarm is still ON, ensure that the software setting “Coils wiring scheme” is well set in
line with the actual wired connections between the RPH3 connector M4-)2 and the
switchgear opening coils (“common-mode” scheme or “differential mode” scheme).

Closing output channel

A problem has been detected by the continuous monitoring feature of the switchgear closing
control channel : either a discontinuity in the external CB closing circuit or an RPH3 internal
issue with MOSFET switching transistors. Check the continuity of the monitored circuit,
disconnect any additional continuity monitoring device and restart the RPH3 controller.

If this alarm is still ON, ensure that the software setting “Coils wiring scheme” is well set in
line with the actual wired connections between the RPH3 connector M4-)2 and the
switchgear opening coils (“common-mode” scheme or “differential mode” scheme).

RPH3 internal self-check

An internal failure has been detected. Restart the RPH3 controller. If the alarm is still ON,
please contact GE Grid Solutions.

Analogue sensors

A problem has been detected on RPH3 controller wired interface with = 1 analogue
sensor(s). Check the connections with all external sensors (temperature probe, CTs, VTs, 4-
20 mA hydraulic pressure sensors...) and restart the RPH3 controller. If this alarm is still ON,
check the RPH3 settings related to these sensors (ensure that temperature compensation is
disabled if no temperature probe is connected, etc.)

Table 4 : conditions driving front alarm LED “3 - System alarm”

NOTE : system alarms cannot be manually “cleared” or “acknowledged”. The only way for a user to turn this light OFF is
to identify the root cause of this alarm and solve the associated issue.
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3-7.2-4 Red alarm LED : “4 — Application alarm”

This visual indicator is associated to “application level” group of alarms : it is turned ON as soon as = 1 of the conditions
below is fulfilled (see Table 5), and automatically hold ON until none of these conditions is fulfilled anymore (logical OR
function between alarm conditions) :

Conditions triggering application alarms

Name

Description

Reference voltage

The reference voltage has been measured out of range by the RPH3 controller (either in
frequency or in magnitude) for a duration > 200 ms. Please check the reference voltage
waveform.

Line current

The HV line current has been measured out of range by the RPH3 controller (either in phase
or in magnitude). Please check the proper connection of current measurement CTs.

In case no CT is to be connected to the RPH3 (operating time measurement through
switchgear auxiliary contacts instead of line current measurement), disable the current
monitoring option (see Figure 32 page 43) and try again to operate the switchgear.
Otherwise, please adjust the allowed range for line current through the web MMI (measuring
CT settings : refer to Figure 42 page 50).

If the alarm is still ON, ask GE Grid Solutions for a U/I calibration check.

System neutral

The system neutral, as detected by the RPH3 controller thanks to a wire bridge on connector
Ma4-]5, does not match its expected configuration (e.g. it has been detected as earthed or
undefined whereas it is expected to be isolated). Check that the wire bridge is well connected
on M4-|5 connector and that well suits the end application neutral mode.

Application behaviour

The RPH3 internal main application algorithm encountered a failure. Restart the RPH3
controller. If this alarm is still ON, please contact GE Grid Solutions.

Last switchgear closing
operation

The switchgear closing time has been measured out of range on = 1 CB pole(s) during the
last closing operation :

v" Either Max < Top_measured
v or Top_measured < Min
v Or ATop > tolerance
refer to section 0, page 42 for further details on Top_measured and ATop.

If needed, adjust associated settings through the web MMI (Min, Max, tolerance) and try
again to operate the switchgear so that this alarm is cleared.

Last switchgear opening
operation

The switchgear opening time has been measured out of range on = 1 CB pole(s) during the
last opening operation :

V' Either Max < TOP_measured
v Or TOP_measured > Max
v’ 0Or ATgp > tolerance

refer to section 0 (page 42) for further details on Top_measured and ATop.
If needed, adjust associated settings through the web MMI (Min, Max, tolerance) and try
again to operate the switchgear so that this alarm is cleared.

Switchgear operating
time compensations

= 1 of the switchgear operating time compensation contribution has been measured out of
range (and clamped) :

v’ Either Max < At

compensabins
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v Or Atcompensabins < Min
v OrMax < Atadapt
v or Atadapt < Min

refer to section 0, page 70 for further details on Atcompensabins and Atadapt-

Check that currently enabled compensation contributions are well required, and check
associated Min and Max thresholds (adjust them if needed), then check that all associated
sensors are well connected (CTs, CB auxiliary contacts, hydraulic pressure sensors, ambient
temperature probe, etc.). Then try again to operate the switchgear.

If this alarm is still ON reset the adaptive times to 0 through the web MMI (access level >
User) and try once again to operate the CB. If this alarm could not be cleared this way please
contact GE Grid Solutions.

Control voltage The control voltage (coils supply DC voltage, instantaneous measured value) has been
measured out of range :

v’ Either Max < Umeas
v orU < Min

meas
Check that the coils DC voltage supply is well present on BOTH RPH3 connectors M3-J1 AND
Ma4-)1.

Ambient temperature The ambient temperature has been measured out of the specified range :
v’ Either Max < Ambient temperature

v’ Or Ambient temperature < Min
Check the proper connection of the temperature probe, and if needed adjust the Min and Max
thresholds through the web MMI.

Hydraulic drive pressure | The hydraulic pressure inside = 1 pole driving mechanism(s) has been measured out of the
specified range (instantaneous value) :

v' Either Max < P, ... (L1)
Or P, eas(L1) < Min
Or Max < P, .qs(L2)
or P .. (L2) < Min
Or Max < P, 00s(L3)

Or P, eas(L3) < Min

AN

Check the actual pressure inside each pole driving mechanism, and if needed adjust
associated alarm thresholds Min and Max.

Table 5 : conditions driving front alarm LED “4 - Application alarm”

NOTE : application alarms cannot be manually “cleared” or “acknowledged”. The only way for a user to turn this light
OFF is to identify the root cause of this alarm and solve the associated issue.
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3-7.2-5 Relay-driven alarm output contacts (x 5)

Many different alarm conditions may be allocated to each of the 5 relay-driven output contacts of the RPH3 controller
(connector M4-J4).

This allocation is to be set through the web MMI software, as illustrated on Figure 71 below :

General Closing  Opening  Network & Time
SYSTEM ALARMS ASSIGNMENT
Mon. Bist1 Bist2 Bist3 Bist4
Date O O O O
U/l Calibration O O O O
Parameters loading O O O O
Parameters validity O O O Ol
Opening output channel O O O
Closing output channel O O O
Internal control O O O
Analogue sensor inputs O O O O
APPLICATION ALARMS ASSIGNMENT
Mon. Bist1 Bist2 Bist3 Bist4

Reference voltage O O O O
Line current O O O O
Neutral system | O [ [l
Application behaviour O O O O
switchgear closing O O O O
Switchgear opening O O O O
Cobanexdons 0 a = D
Control voltage O O O O]
Ambient temperature O O O O
Hydraulic drive pressure O O O O

Figure 71 : alarm allocation setting through the web MMI software

As soon as = 1 condition(s) is (are) fulfilled, associated relay-driven output contacts whose associated box is checked are
switched and maintained until this (those) condition(s) is(are) cleared, as shown in the Table 6 below :
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Relay contact M(tlr;\clmls table Bistable #1 Bistable #2 Bistable #3 Bistable #4
(M4-)4) nothi::;r"-) (“flip-flop™) (“flip-flop™) (“flip-flop™) (“flip-flop™)
terminals 2-3 4-5 5-6 7-8 8-9 10-11 11-12 13-14 14-15
status NO NC NO NC NO NC NO NC NO
power OFF open keep current state | keep current state | keep current state | keep current state
alarm ON open open closed open closed open closed open closed
alarm OFF closed closed open closed open closed open closed open

Table 6 : Relay-driven alarm output contacts status

NOTE 1 : in case the RPH3 controller is switched OFF, the 4 contacts driven by bistable (“flip-flop”) relays keep their
current state until the next power ON, whereas the single contact driven by the monostable relay is automatically
opened. Whatever the considered contact, all alarm conditions are automatically tested at power ON, and contacts are
switched in accordance to the result of this last test.

NOTE 2 : if the RPH3 controller is to be by-passed through the monostable relay alarm contact (“All-or-nothing”, M4-)4
pins 2 and 3), GE Grid Solutions recommends to apply for this contact the allocation shown on Figure 71 above.
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3-7.3 PoW switching history (CB operation records)

The RPH3 web MMI (embedded software) provides access to data associated to the most recent PoW switching
operation attempt.

But data associated to older switching operations are also stored into the RPH3 non-volatile memory, as binary encoded
files with the “*.arch” extension.

Display Settings Downloads ﬁ

Archives  Logfiles

Create an DSP
Archive Now Parameters

FuLL ARCHIVES

20120413 _112733_small.arch
20120413 110647 _small.arch

SMALL ARCHIVES
20120413 112733 small.arch
20120413 _110647_small.arch

Figure 72 : downloading the last 1025 switching records (web MMI)

1 archive file is automatically generated and stored by the RPH3 controller after each PoW switching attempt (even if the
operation failed or was aborted for any reason).

“Small” archive files contain detailed data (measurements, alarms, etc.) as collected by the RPH3 controller during
associated switching operations. Up to 1025 “small” archives can thus be recorded, corresponding to the last 1025
operation attempts.

“Full” archive files contain the same data, and also 4 seconds of signal sampled values (voltages, currents, pole auxiliary
contacts, etc.). These detailed data might be useful for deep post-operation analysis features. The RPH3 controller is able
to store 1 “full” archive file for each of the last 25 switching attempts.

All archive files are downloadable through either the web MMI (Figure 72 above) or the optional software “RPH
manager”.

However, these data are encoded into binary files that can be decoded and processed by the optional software “RPH
manager” only. Refer to document [2] for details on this software tool.
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Switching Date I Switching Program Source frequency Operation type Algortthm launch
2011-10-27 15:43:00 I TRANSFORMER 50,000 Hz OPEN 1
Compensation External Temperature | Coll Hydraulic Pressure lelle Time Adaptative compensation
Option No | No No No
[ A l i I ¢
Switching moments | 0,00 ° | 0.00 ° | 0.00 °
Ambiant temperature 204°C
Hydraulic pressure 1.01 bar [ 0.86 bar | 1.01 bar
Control voltage 478V
Last opering operation 2010
the
Hominal opening time 21, Py
v v 20111027_154302, v
Ambiant temperature compensation ALSTOM RPHS BHT Open 0111927.1543020M T 1
Hydraulic pressure compensation 0 ) 7
Control voltage compensation 0 ] & X
Idle time compensation 0
Previous measured opening time 18 £ A“”"‘[v-x(--xv el i
Total compensation 0.0 T s :’
v Hirake fre:
Adaptative compensation 15, Hyorwic Pross
Calculated breaker time (mechanical) 21 L reception ; Tio coming trefc” ¢
UM recepton | D ACK Mo
Pre-arcing time 1] P A v
Calculated breaker time (electrical) 15.: ror conversion CANLICI8 (o Busy) 7
Error Cortrck +15 V CANLTCIE0 v
Control opening order (Oin) I v
Control opening order (Oout) ] 19, o
17 M rtermat sempersture cut o range shwm
Target for closing [ 46 v of e s
7 M3o150 out of s saem
7 M0 0v out of rarge e
Actual opening time (mechanical) 21 Vs
Actual opening time (electrical) 75 g
Actual measured opening time 210 - }I:.;::_:' ¥ i
Auxiliary signaling ] 46| Source va V
Current datation | 100) i

Figure 73 : RPH Manager software : PoW switching detailed data and alarm history

100.0+

-90.5-}
-0.019009

[ ~ | : [ :
Switching moments | 0.00° | 0.00 ° | 0.00 °
Switching Switching Date Swyitching Program Source frequency Operation type Algorithm launch
Data 2011-10-27 15:43:00 TRANSFORMER 50.000 Hz OPEN 1
Compensation External Temperature Coil Powver Supply Hydraulic Pressure Idle Time Adaptative compensation
Option No No No No No
Voltage (V) Current (&)

--0.2

-__1.5 iﬂ/@@
0.181553

< - I »
CURSOR TIMING REFERENCE VOLTAGES
Order INPUT 0.000000 s
0 Us m MO 429 429 00V
order outeut (3) 0019744 s st o1g17e1l @
0.020043 s MO -95.2 -95.2 0.0 v
0.019745) s Time2 0181741 s MO 53.4 53.4 00 Vv

Figure 74 : RPH Manager software : complete waveform viewer

For any reason, the user can create a full archive file at any time from the web MMI, just clicking the button “Create an
archive now”. This will start recording all signals for 4 seconds, and store the detailed waveforms into a new “full
archive” file.
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3-8 Networking, communication & real time clock

The RPH3 controller is able to act as a node on an IP network, through Ethernet |IEC 61850-3-2 over an electrical
interface (RJ45, connector M2-)3) as well as an optical interface (MT-R), connector M2-J1).

Its IP configuration is the following :

- Default address : 192.168.5.2 (may be changed through the web MMI)

- Default net mask : 255.255.255.0 (may be changed through the web MMI)
- IP host name : none

- IP work group name : none

- |P user name : none

Some of these settings may be edited through the web MM, as illustrated on Figure 75 below :

General Closing Opening  Network & Time

TivE

Date (midiy): [ 5 |/] 15 |/[ 2012 | UTCTime(24h): | 8 |:[ 15 |.[ 43 |
NETWORK CONFIGURATION

IPaddress: | 192 |.[ 18 |.[ 5 |.[ 102 |

Pmask | 285 || 285 |.| 285 |.| 0 |

I Change network configuration I

Figure 75 : RPH3 network IP settings and clock adjustment
One can also edit the current date and time, to be used by the RPH3 controller for time tagging (events recording).

NOTE 1 : these settings are not lost in case of power OFF.

NOTE 2 : date and time may be synchronized to an external time clock server, provided it is reachable on the IP network.

It can also be synchronized through a dedicated optical link (interface ST optical). Contact GE Grid Solutions for further
details.

WARNING : the RPH3 IP addressing made is static only (no dynamic addressing is possible through DHCP). Hence it is
important to remind its IP address. Otherwise a scan of the IP network is required in order to identify the RPH3
controller.
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3-9 Configuration settings

For a correct configuration of a given RPH3 controller, the following data must be gathered and used to adjust RPH3
internal settings through its web MMI, prior to launching any CB operation.

3-9.1 End application related data

- System rated frequency (Hz)

- System neutral mode : effectively grounded, isolated, grounded through an NGR (Neutral Grounding Reactor)...
- Rated HV phase-phase voltage level (kV rms)

- Rated HV current level flowing through each switchgear pole (A rms)

- Kind of load to be switched by the CB (capacitor, 3x single-phase reactor, 1x tri-phase reactor, 3x single-phase
power transformer, 1x tri-phase transformer, etc.)

3-9.2 External sensors related data
- Transforming ratios for installed CTs and VTs (Rated RMS levels at primary and secondary windings)

- Rated output currents ® 4 mA and 20 mA for ambient temperature transducer

- Rated output currents @ 4 mA and 20 mA for hydraulic pressure transducers (if applicable)

General Closing Opening  Network & Time
RATED LEVELS
Primary Secondary
Reference voltage phase-phase | 512500 |kV(rms) | 114285 |V (rms)
Current | 2000 | A{rms) ® 1A O 5A
SENSORS INPUTS SCALING
4 mA 20 mA
Ambient temperature [ 50000 |°C | s0000 |°C
Hydraulic drive pressure [ 0000 |bars | 400000 | bars

Figure 76 : external sensors related settings
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3-9.3 Switchgear related data

- Rated operating times + time shifts between main and auxiliary contacts for each switchgear pole as measured
on switchgear end installation site in rated conditions (nominal ambient temperature, nominal hydraulic drive

pressure and nominal control voltage).

- Pre-arcing time (for closing operations) and arcing time (for opening operations) of each CB pole.

- Preferred method for CB operating times measurement (current establishment/interruption instants or CB

auxiliary contacts switching instants)

- RMS current detection threshold (A rms) + instantaneous current dating threshold (A) for measurement method
by current establishment / interruption : refer to section 3-4.6-2, page 47.

- Control voltage level (V) : rated DC voltage used for coils supplying and tri-polar closing and opening impulses.

- Operating times compensation laws for both CB closing and opening operations versus contributions of :

o Ambient temperature =» table from -50°C to +50 °C by steps of 10°C
o Control voltage =» kU factor assessment for both opening and closing operations : refer to 3-5.3-1, page

58.

o Hydraulic pressure (if applicable) =» kP factor assessment for both opening and closing operations :

refer to 3-5.4-1, page 62.

o Switchgear idle time (if applicable) =» A and B factors assessment : refer to 3-5.5-1, page 66.

- Adaptive control weighting factor =» refer to 3-5.6, page 68.

Display Settings Downloads
General Closing Opening MNetwark & Time
CIRCUIT BREAKER DATA
L1 L2 L3
Circuit breaker pole closing time ms ms ms
Pre-arcing time L1 L2 L3
Transtormer s s s
OPERATING TIME MEASUREMENT
Operating time measurement ® Auxiliary switch O Current
L1 L2 L3
Auxiliary contact time-shift ms ms ms
Detection Dating
Current thresholds A {rms) A
OPERATING TIME COMPENSATIONS
Ambient temperature
50 °C 40 °C 30 °C 20 °C -10 °C 0°c +10 °C +20 °C +30 °C +40 °C 450 °C
000 |[ o000 ][ ooo ][ ooo J[ ooo |[ ooo |[ ooo |[ ooo |[ ooo |[ ooo ][ ooo |ms
Rated kU
Control voltage v
Rated kP
Hydraulic drive pressure bars
Coefficient A Coefficient B
e s days
K
Adaptive
Figure 77 : Switchgear related settings : example for CB closing
05-2012 D1620 ENO3

85/125



GE GRID Solutions RPH3 service manual
High Voltage Switchgears

- |
_ [

NOTE : arcing times (for opening operations) and pre-arcing times (for closing operations) shall be adjusted with the
highest reachable accuracy, in order PoW switching to be efficient on transients limitation (refer to sections 2 for detailed
explanations).

Optimal values shall be given by the CB manufacturer.

As an alternative, approximate values may also be computed from the data listed in section 3-9.1 and the followings :

- RDDS of each pole interruptor (a given CB pole may be made of 2 interruptors)
- Rated closing speed of each pole (depends on the driving mechanism)

- Gas mixture composition (pure SF6 or combined with CF4, N2...)

- Rated gas pressure and P1 low pressure alarm threshold

- Presence or not of grading capacitors parallel to CB interruptors
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3-94 PoW control related data

Selected system neutral mode (grounded or isolated) + chosen detection method (Software or Hardware) : refer
to 3-4.3 page 35.

- Wiring scheme of the switchgear coils (common mode or differential mode) : refer to 0, page 38.

Reference phase identification (L1, L2 or L3) and initial phase-shift (refer to 3-4.2, page 34 for further details)

List of enabled contributions to the CB operating times compensation (refer to 3-5, page 54)

Selected PoW switching program (transformer, capacitor, shunt reactor or user program)

General  Closing  Opening  Network & Time
MAIN OPTIONS
Rated power frequency ® 50Hz O 60Hz
Switching program O Transformer O Shunt Reactor O Capacitor Bank ® User Mode
Reference voltage ® L1 O L2 OL3
Reference voltage phase shift 2
Neutral system O Software parameter ® Neutral contact
Operating time measurement ® Auxiliary switch O Current
Coils wiring scheme ® Common mode O Differential mode
OPERATING TIME COMPENSATIONS
Temperature O Disable ® Enable
Control voltage O Disable ® Enable
Hydraulic drive pressure O Disable ® Enable
ldle O Disable ® Enable
Adaptive O Disable ® Enable

Figure 78 : PoW control related settings
- PoW shift angles for fall-back strategy during CB opening and closing operations (in case the chosen system
neutral mode detection method is “hardware”) : refer to 3-4.3

- Custom PoW shift angles for CB opening and closing operations (in case switching program = “user mode”):
o Forisolated neutral mode and grounded neutral mode

- Duration of the output unipolar commands (coil energization voltage impulses): refer to 0, page 38.

General Closing Opening  Netwark & Time

USER PROGRAM SHIFT ANGLES

L1 L2 L3
Isolated neutral [ om |° [ o000 | [ ooo I
Earthed neutral [ ooo | [ ooo ] [ o000 i%
FALL BACK SHIFT ANGLES L1 L2 L3
Angles (if system neutral is undefined) | 000 |° [ om0 | [ om0 |°

COILS DRIVING VOLTAGE IMPULSE
Qutput order duration ms

Figure 79 : PoW control related settings : example for CB closing (switching program = "user mode”)
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3-9.5 Alarms signaling related data

- Thresholds to be applied for application alarms and system alarms

General Closing Opening  Network & Time

ALARMS THRESHOLDS

Max Min
Primary current peak A
Control voltage Y Y
Ambient temperature %6 6E

Hydraulic drive pressure 1000 bars [0 bars

Figure 80 : Alarms signaling related settings - general thresholds

General Closing Opening  Network & Time

OPERATING TIME MEASUREMENT
Min Max Operating time tolerance

Closing measurement limits [ o000 |ms | 20000 |ms [ 000 | ms
OPERATING TIME COMPENSATIONS
Maximum instantaneous total (%) IAtcompensationsl < [ 100 Jms
ADAPTIVE CONTROL CLAMPING
Maximum adaptive (%) IAtadaptI < ms

Figure 81 : Alarms signaling related settings —operating time limits & compensations clamping

7.2-5 and Figure 71, page 79.

System alarms and Application alarms assignment matrix to dedicated relay-driven output contacts : refer to 3-
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3-10

RPH3 variants

The RPH3 controller was designed as a global 19" rack integrating 5 single electronic modules connected through
internal links and with removable terminal blocks at their backs for external wiring.

As introduced in section 3-3, the 5 single modules are :

M1 module
M2 module
M3 module
M4 module
M5 module

Power Supply

Digital signal processing & Communication
Acquisition & Digital conversion

I/0, monitoring and CB coils driving commands
Front panel signalisation module

Each built RPH3 rack shall be customized depending on :

e Rated DC voltage for CB coils supply (48V, 110-125V or 220-250V)
e Rated current flowing through CT secondary windings (1A, 5A)

The RPH3 variant depends on these characteristics, that size the individual modules, as encoded below :

RPH3 TCR-PSx-CTy

Rated current through CT secondary windings 1 (1A
5 (5A)
Rated CB Coils supply voltage 48 (48V DC)
125 (1120V to 125V DC)
250 (220V to 250V DC)

Hence the 6 available variants are the following (modules M1, M2 and M5 being standard) :

Product variant

Description M3 module variant

M4 module variant

RPH3 TCR-PS48-CT1 -

RPH3 supply 48V DC
- CT1Amp
- CB coils supply 48V DC

M3-PS48-CT1-VT220

M4-PS48

RPH3 TCR-PS48-CT5 -

RPH3 supply 48V DC M3-PS48-CT5-VT220
- CT 5 Amps

- CB coils supply 48V DC

M4-PS48

RPH3 TCR-PS125-CT1 -

RPH3 supply 110-250V DC M3-PS250-CT1-VT220
- CT1Amp

- CB coils supply 110-125V DC

M4-PS125

RPH3 TCR-PS125-CT5 -

RPH3 supply 110-250V DC M3-PS250-CT5-VT220
- CT 5 Amps

- CB coils supply 110-125V DC

M4-PS125

RPH3 TCR-PS250-CT1 -

RPH3 supply 110-250V DC M3-PS250-CT1-VT220
- CT1Amp

- CB coils supply 220-250V DC

M4-PS250

RPH3 TCR-PS250-CT5 -

RPH3 supply 110-250V DC M3-PS250-CT5-VT220
- CT 5 Amps

- CB coils supply 220-250V DC

M4-PS250
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3-11 Pinout description

The following drawing (Figure 82) introduces the RPH3 terminals layout and designation.

Each connector is defined by its module location and one identification index : for instance M4 power supply terminals
connector is defined as M4-J1.

(2111006 8 ¢ 9 S v € 2 L

S
(2
(VS v zi]
[s s v ez i

Shs

P
’

Figre 82: RPH3 terminal assignment

NOTE 1 : to make the maintenance operations easier (that shall be restricted to relay replacement), the connectors are
all different and removable.

NOTE 2 : each connector is provided with its own local shield input, in order to minimize external coupling of
electromagnetic perturbations with the RPH3. Earthing shall be located as close as possible to the electronics.
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3-11.1 M1 Module terminals

M1-J1 - RPH3 POWER SUPPLY

M1-j1:1 Ground
Power supply M1-J1:2 Phase or Polarity /+
M1-J1:3 Neutral or Polarity /-
3-11.2 M2 Module terminals
M2 Communication ports
61850-3-2 optical link M2-J1 MT-RJ (AFBR 5903)
61850-3-2 copper link M2)2 Rj45
61850-8-1 copper link M2)3 Rl45
61850-8-1 optical link M2)4 MT-RJ (AFBR 5903)
M2J5:1 | RS232 TX iso
M2J5:2 | GNDiso
L M2J5:3 | RS232 RXiso
RS485 / RS232 serial link MC 1,5/6-5TF-3.81
M2J5:4 | RS485 A
M2J5:5 | RS485 TERM
M2J5:6 RS485 B
Sync IN optical link M2J6 HFBR 14147
Sync OUT optical link M2)7 HFBR 24127
3-11.3 M3 Module terminals
M3-J1 - OUTPUT COIL SUPPLY MONITORING MSTB 2,5/2-5TF
Recommended wire gauge AWG24-12
M3-J1:1 Polarity /-
DC supply -
M3-J1:2 Polarity /+
M3-J2 - 4-20mA INPUTS MC 1,5/12-5TF-3.5
Recommended wire gauge AWG28-16
M3-J2:1 Shield
Ambient temperature M3-J2:2 Signal
M3-J2:3 + 24V
M3-)2: 4 Shield
Hydraulic pressure L1 phase M3-J2:5 Signal
M3-)2:6 + 24V
M3-J2:7 Shield
Hydraulic pressure L2 phase M3-)2:8 Signal
M3-J2:9 + 24V
M3-J2:10 Shield
Hydraulic pressure L3 phase M3-J2:11 Signal
M3-)2:12 + 24V
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M3-J3 - VOLTAGES INPUTS

MSTB 2.5/8-5TF-5.08

Recommended wire gauge AWG28-16
. M3-)3:1 S1
Line voltage L1 phase
M3-J3:2 S2
. M3-)3:3 S1
Line voltage L2 phase
M3-J3: 4 S2
. M3-]3:5 S1
Line voltage L3 phase
M3-]3:6 S2
M3-)3:7 S1
Source voltage
M3-J3:8 S2
M3-J4 - CURRENT INPUTS (ENTRELEC Safety socket) ESSAILEC CC-1-VA-2
Recommended wire section 1-2.5mm*
. M3-J4: 01 Not used
Not used input
M3-J4:1 Not used
M3-)4 : 02 S1
Load current / L1 phase
M3-)4:2 S2
M3-J4: 03 S1
Load current / L2 phase
M3-J4:3 S2
M3-)4 : 04 S1
Load current / L3 phase
M3-)4: 4 S2
3-11.4 M4 Module terminals
M4-J1 - CB COIL SUPPLY MSTB 2,5/3-STF-5.08
Recommended wire gauge AWG24-12
Mas-J1:1 Coil command /+
Switchgear coil command supply Mé4-)1:2 Coil command /-
M4-J1: 3 Shield
M4-)2 - CB COIL OUTPUT COMMAND MSTB 2,5/18-5TF-5.08
Recommended wire gauge AWG24-12
M4-)2 1 Coil O Phase A /+
Tripping output / L1 phase M4-)2: 2 Coil- O Phase A /-
Mé4-)2:3 Shield
M4-J2 1 4 Coil O Phase B /+
Tripping output / L2 phase Ma4-J2 : 5 Coil O Phase B /-
M4-J2 : 6 Shield
Ma-J2:7 Coil O Phase C /+
Tripping output / L3 phase M4-)2: 8 Coil O Phase C /-
Ma4-)2: 9 Shield
M4-J2 : 10 Coil C Phase A /+
Closing output / L1 phase Mas-J2 ;11 Coil C Phase A /-
M4-J2 1 12 Shield
M4-J2 113 Coil+ C Phase B /+
Closing output / L2 phase Ma4-J2 : 14 Coil C Phase B /-
Ma4-J2 : 15 Shield
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M4-)2 : 16 Coil+ C Phase C /+
Closing output / L3 phase Ma-J2 ;17 Coil C Phase C /-
Ms-J2 : 18 Shield
M4-)3 - TRIPPING COMMAND DETECTION MC 1,5/7-5TF-3.81
Recommended wire gauge AWG24-14
Shield M4-)3:1 Shield
L . M4-)3:2 O phase A/+
Tripping command detection / L1 phase
Ma4-J3: 3 O phase A/-
o . M4-J3 : 4 0 phase B /+
Tripping command detection / L2 phase
M4-J3: 5 0 phase B /-
o ) M4-)3:6 0 phase C/+
Tripping command detection / L3 phase
M4-)3:7 0 phase C/-
Ma4-)4 - OUTPUT ALARMS MSTB 2,5/16-STF-5.08
Recommended wire gauge AWG24-12
Shield Mé4-)4 ;1 Shield
All-or-noting relay M4-J4 : 2 Alarm mon.1b
M4-J4 3 Alarm mon. 1a
Ma-J4 2 4 Alarm bist. 1b (NC)
Flip-flop relay 1 Mé4-)4 : 5 Common bist. 1
M4-)4 : 6 Alarm bist. 1a (NO)
Mé4-)4 . 7 Alarm bist. 2b (NC)
Flip-flop relay 2 Ms4-)4 .8 Common bist. 2
Ma4-J4: 9 Alarm bist. 2a (NO)
Ma4-J4 : 10 Alarm bist. 3b (NC)
Flip-flop relay 3 Ma-J4 ;11 Common bist. 3
Mé4-)4 112 Alarm bist. 3a (NO)
Mé4-)4 113 Alarm bist. 4b (NC)
Flip-flop relay 4 M4-)4 : 14 Common bist. 4
Ma4-J4 ;15 Alarm bist. 4a (NO)
Shield Ma-)4 1 16 Shield
M4-)5 - NEUTRAL EARTH SIGNALING MC 1,5/4-5TF-3.81
Recommended wire gauge AWG24-14
Shield M4-)5:1 Shield
M4-J5: 2 +48V common
Neutral / Earth signaling Ma4-J5: 3 N/E NO
M4-J5: 4 N/E NC
Ma-|6 — CB AUX. SIGNALING MC 1,5/8-STF-3.81
Recommended wire gauge AWG24-14
Shield M4-J6: 1 Shield
- Ma-J6 : 2 CB position / L1 phase
Auxiliary contact / L1 phase
M4-)6: 3 +48V common
- M4-)6 : 4 CB position / L2 phase
Auxiliary contact / L2 phase
M4-)6: 5 +48V common
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- M4-)6 : 6 CB position / L3 phase
Auxiliary contact / L3 phase
M4-)6 : 7 +48V common
Shield Ms-)6: 8 Shield
M4-)7 - CB COIL INPUT COMMAND MSTB 2,5/6-5TF-5.08
Recommended wire gauge AWG24-12
Ma4-J7 : 1 Tripping input / +
Tripping input Ma4-J7 : 2 Tripping output / -
M4-)7 13 Shield
M4-)7 2 4 Closing input / +
Closing input M4-)7: 5 Closing input / -
M4-J7 1 6 Shield
05-2012 D1620 ENO3
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3-12 Connection diagrams

This section provides recommended typical connection schemes of the RPH3 controller for TCR applications. Software
configuration settings shall be set in accordance to actual wiring scheme.

3-12.1  Case earthing, power supply and System neutral mode

Power Grounded ) Power Isolated .
Earthin
+Uce supply neutral Earthing +Ucs supply neutral 9
2 RPH3 2 RPH3
PE PE

]
]

| |
[ [
[ [
1 M1 I M4-J5 1 MLl i M4-J5
[ | [ |
[ [
[ [
| |

>
= R = R
3 1 2 3 4 3 1 2 3 4
J | J |
-Ucs = -Uce =
Figure 83 : power supply & grounded system neutral wiring Figure 84 : power supply & isolated system neutral wiring

NOTE 1 : the RPH3 controller case must be systematically earthed through the PE terminal (earthing external screw)

NOTE 2 : the wire bridge for system neutral mode (grounded or isolated) must be selected in accordance with the
associated software setting (refer to section 3-4.3, page 35). No bridge is required in case the system neutral mode is
determined by software setting (see Figure 15, page 32).

NOTE 3 : the RPH3 delivers a +48V DC voltage on its pin M4-)5:2 for bridge bias. DO NOT connect any external source
on this pin !

NOTE 4 : for more flexibility, an external switch may be used as a “neutral isolator” between M4-J5 pins 2, 3 and 4 in
order to change automatically from a grounded mode to an isolated mode (might be useful for switching between PoW
shift angles).
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3-12.2

3-12.3

RPHS3 service manual

Reference voltage

HV reference phase

busbar VT %Hg

RPH3

l DA
L 1T 2 3 4 5 8 7 8
M3-J3

|||—

Figure 85 : Reference voltage : typical wiring

Analogue sensors

o

S

=

@

S

(5]

Q.

S

QO

+ -

E Hydraulic pressure

S (if applicable)

S

< /7 \\
°C Bars Bars Bars

mA mA mA mA
g 3 g 4 g 3 g 9
[a)] [a) @] @]

z o zl ol 3| z| o 3 =zl o
of § « ol § ol § « ol § «
=) i S N
1 2 3 4 5 6 7 8 9 10 11 12
M3-J2

1

Figure 86 : ambient temperature & hydraulic pressure transducers : typical wiring diagram

NOTE : Calibration data associated to the analogue sensors must be adjusted through the web MMI : refer to section 3-9,

page 84.
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3-12.4  switchgear control and RPH3 by-passing

By-passing the RPH3 controller may be useful in case it cannot assume its duty for any reason (the reference AC voltage
is missing, the RPH3 is not supplied, etc.)

However, such a by-pass shall be enabled or not depending on the end application, since it leads uncontrolled switching
of the HV switchgear (no synchronization at all). Therefore, as soon as the RPH3 controller is by-passed huge
overvoltages and/or inrush currents may occur, with associated consequences on the HV network, switchgear aging, etc.

The following drawings illustrate how to implement such a by-pass upon possible connection schemes.

NOTE : the CB coils connection scheme (common mode or differential mode) must be selected in accordance with the
associated software setting (refer to Figure 26, page 39)
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WARNING : protection trip/close commands to be wired to related CB coils directly !

+Ucs I I
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|
|
|
|
|
1.

prossmeeeeey = sz WAy
U ' I
d EXte_mal ' CBclose RPH3 CB open
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E : I M4-J2 M4-J2 =
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I
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!
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!
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T~
!
N
!
|
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el )] \

[Li/c] [L2/c] [L3ic] [Lio] [L2lo] [L3/0o]

|
Ucs 1 7 1

Drawing conventions : supply voltage OFF, switchgear in OPEN position
TO BE APPLIED ONLY IN CASE BY-PASS IS :

- EORBIDDEN FOR OPENING OPERATIONS
- FORBIDDEN FOR CLOSING OPERATIONS

Figure 87 : by-passing diagram - forbidden on both channels (common mode variant)

WARNING : protection trip/close commands to be wired to related CB coils directly !

+Ucs | | I

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1.

4 ' 4-34:2 M4-37:1 M4-37:4

H .

! External |

: oai : \ | CB close RPH3 CB open

: 10gICS : __l_
H .

E ' | M4-J2 M4-J2 =
H 1 y 70 o1 13 o4 18 17 N 71 2 4 7 8 N

[

A A 75 N N R

[Lic]| [La2ic]| [L3ic] [Cio]| [L2lo]| [L3lo]

Drawing conventions : supply voltage OFF, switchgear in OPEN position
TO BE APPLIED ONLY IN CASE BY-PASS IS :

- ENABLED FOR OPENING OPERATIONS
- ENABLED FOR CLOSING OPERATIONS

Figure 88 : by-passing diagram - forbidden on both channels (differential mode variant)
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WARNING : protection trip/close commands to be wired to related CB coils directly !
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Drawing conventions : supply voltage OFF, switchgear in OPEN position
TO BE APPLIED ONLY IN CASE BY-PASS IS :
- ENABLED FOR OPENING OPERATIONS
- ENABLED FOR CLOSING OPERATIONS

Figure 89 : by-passing diagram - enabled on both channels (common mode variant)

WARNING : protection trip/close commands to be wired to related CB coils directly !
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Drawing conventions : supply voltage OFF, switchgear in OPEN position
TO BE APPLIED ONLY IN CASE BY-PASS IS :
- ENABLED FOR OPENING OPERATIONS
- ENABLED FOR CLOSING OPERATIONS

Figure 90 : by-passing diagram - enabled on both channels (differential mode variant)
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WARNING : protection trip/close commands to be wired to related CB coils directly !
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Drawing conventions : supply voltage OFF, switchgear in OPEN position
TO BE APPLIED ONLY IN CASE BY-PASS IS :

- EORBIDDEN FOR OPENING OPERATIONS
- ENABLED FOR CLOSING OPERATIONS

Figure 91 : by-passing diagram - enabled on closing channel only (common mode variant)

WARNING : protection trip/close commands to be wired to related CB coils directly !

+Ucs

i External
i logics !
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Drawing conventions : supply voltage OFF, switchgear in OPEN position
TO BE APPLIED ONLY IN CASE BY-PASS IS :

- EORBIDDEN FOR OPENING OPERATIONS
- ENABLED FOR CLOSING OPERATIONS

Figure 92 : by-passing diagram - enabled on closing channel only (differential mode variant)
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WARNING : protection trip/close commands to be wired to related CB coils directly !
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Drawing conventions : supply voltage OFF, switchgear in OPEN position

TO BE APPLIED ONLY IN CASE BY-PASS IS :
- ENABLED FOR OPENING OPERATIONS
- FORBIDDEN FOR CLOSING OPERATIONS

Figure 93 : by-passing diagram - enabled on opening channel only (common mode variant)

WARNING : protection trip/close commands to be wired to related CB coils directly !
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Drawing conventions : supply voltage OFF, switchgear in OPEN position
TO BE APPLIED ONLY IN CASE BY-PASS IS :

- ENABLED FOR OPENING OPERATIONS
- FORBIDDEN FOR CLOSING OPERATIONS

!

Figure 94 : by-passing diagram - enabled on opening channel only (differential mode variant)
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3-12.5 relay-driven alarm contacts and switchgear signaling

CB signaling Alarms
—»
Ph.L1 pPi~pP2 AN
U i N ™
S s2 * hid *
Ph. L2 P_>PZ Operating time & o o é»
- C measurement s E k= =
= o o o
< <2 method #2 a z ¢ c
> S o 3 o
Ph. L3 P ~\P2 ° < < <
/ 2 2 NP K2
- () () ()
s1 s2 7] = = 2
2 g g 8
o 0 0 7]
= @ @ [
02 2 03 3 04 4 2 4 e 7 |9 10 [12 13 [15
M3-J4
_____________________________________________ - M4-J4 RPH3 1
M4-J6 —
1 2 3 4 5 6 7 1 3 5 8 11 14 16
— - - N : : :
e p Laop B |
e et e = =
| |
: i Operating time
i I measurement
‘ i method #1
: Phase L1  Phasel2 Phasel3 |
i CB auxiliary contacts (a-type) :
L e e e e /

Figure 95 : CB signaling & relay-driven alarm contacts : typical wiring diagram

NOTE 1 : CB signaling is used by the RPH3 controller to assess switchgear operating times thanks to two different
methods :

- HV currents establishment / interruption measurement (through line CTs)

- CB auxiliary contacts switching instants measurement
The preferred method is to be selected by a software setting. Connections associated to the preferred method are
mandatory, while the other ones are optional. But they may be useful for the alternative method to be taken into account
in case the preferred one failed for any reason. Therefore, GE Grid Solutions recommends to connect the RPH3 to both
line CTs and auxiliary contacts. Refer to section 3-4.6 page 42 for further details.

NOTE 2 : the line CTs are also required for the RPH3 controller to measure switched HV currents.

NOTE 3 : current inputs are potential-free. Hence it is not required for M3-J4 pins to be grounded.
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3-13 Technical data

Dimensions (LxHxW)

RPH3 housing is designed for mounting in a 19"’ - rack or wall mounting.

Height 4U

Depth 400 mm max

Width 19”
Protection

IP20

Rated frequency (reference voltage)

50/60Hz+10%

Power Supply

Range1 100to 240V AC/ 50-60Hz
Range2 48t0353V DC
Power consumption <20W

CB cail voltage

Rated 48-250V DC
Operating 33-300V DC

CB coil current

Maximum allowed current through each CB coil : 10 A / phase for 300 ms.

Time accuracy for data acquisition

Resolution < 0.1 ms

Operating time acquisition accuracy over ambient temperature range [-25°C to +50 °C]

Resolution < + 0.1 ms

Sensors input accuracy

Control voltage £ 3%
Ambient temperature * 3%
Hydraulic pressures + 3%
05-2012 D1620 ENG3
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Reference voltage input

100/~3 V AC or 220/v3 V AC
15-105 V AC or 30-250 V AC
50 Hz or 60 Hz + 10%

Rated level (RMS)
Operating range (RMS)
Rated frequency

Power consumption of measuring inputs <2VA
Insulation level between input & output windings 2 kV rms
Acquisition accuracy 1%

Current inputs
Rated level |RATED (RMS) 1A or 5A
Rated short time current 200 A for 1s

Operating range 0.5X lpatep 0 3 X lraten
Power consumption of measuring inputs < 2 VA at 3x lpaten
Acquisition accuracy 3%

Analogue sensors inputs (ambient temperature, hydraulic pressures)

4-20 mA
24V (delivered by the RPH3 controller)

Operating range
Rated supply voltage

Relay-driven output contacts

Monostable relay contact (“All-or-Nothing” - M4-/4.2/3)

1 contact per relay
Operating voltage
Max rated DC current
Max overload
Breaking power
Insulation level

Bistable relays contacts (“Flip-Flop”)

2 contacts per relay
Operating voltage
Max rated DC current
Max overload
Breaking power
Insulation level

NO (Normally Open)

250V DC

5A

100A for 30 ms

10 VA under 48 V DC with L/R =20 ms
4 kV in common mode

1 kV in differential mode

1x NO (Normally Open) + 1x NC (Normally Closed)
230V DC

5A

100A for 30 ms

10 VA under 48 V DC with L/R =20 ms

4 kV in common mode

1 kV in differential mode

RoHS

EU2002/95/EG

D1620 ENGS3
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Reliability

MTBF (MIL-HDBK-217)

150 000 hours (> 17 years)

Operating temperature range
Room temperature -25°Cto +50°C
Cold IEC 60068-2-1
-25°C £3°C
Dry heat IEC 60068-2-2
+50°C +2°C
Wet heat IEC 60068-2-3
+40°C £2°C
+93% HR £3%
48 h
Dielectric Compatibility
Dielectric strength IEC 60255-5

Insulation resistance

Impulse voltage

Voltage tolerance

DC supply interruption

Immunity to conducted common mode

Ripple on DC input power port

Electromagnetic Compatibility

CM 2kV - 50/60 Hz for 1 minute
DM 1kV - 50/60 Hz for 1 minute

> 100 MQ at 500 V

CM 5 kV 0.5}
DM +1 kV 0.5 |

IEC 60255-6
DC -30% to +20%
AC -30% to +15%

IEC 61000-4-29
50% dip : 100 ms
Interruption : 20 ms

IEC 61000-4-16 Level 4
Disturbance 0 to 150 kHz
Continuous : 30 V ® 50 Hz or 60 Hz
1 sec: 300V @ 50 Hz or 60 Hz

IEC 61000-4-17 Level 3
10% of the rated value

Electrostatic discharge

Radio frequency impulse

IEC 61000-4-2 Level 4
8 kV contact
15 kV air

IEC 61000-4-3 Level 3
10V/m - 80 MHz to 1 GHz
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1kHZ sine modulation ® 80%
Fast transient burst IEC 61000-4-4 Level 4
Conducted : 4 kV 2.5 kHz
Radiated : 2 kV 2.5 kHz (4 kV on G15 group)
Surge immunity IEC 61000-4-5 Level 4
CM 4 kV
DM 2 kV
Conducted disturbances IEC 61000-4-6 Level 3
10 V 150 kHz to 80 MHz
1kHZ sine modulation ® 80%
Immunity to magnetic disturbances IEC 61000-4-8 Level 5
100 A/m continuous - 1000 A/m 3s
1kHZ sine modulation ® 80%
Immunity to high frequency disturbances IEC 61000-4-12 Level 3
CM 2.5 kV CM
DM 1 kV (200 Q)
100 kHz 50c/s
1 MHz 400c/s (2s, F=2.5 kHz)
Electromagnetic compatibility class A EN 55022
Internet ports
100 Base Fx & Tx
Protocols TCP/IP — HTTP
Interface RJ45 electrical or MTR) optical

Clock synchronization ports

Interface ST optical

Terminal blocks

Terminal blocks with screws type PHOENIX CONTACT MSTB 2.5 or MC 1.5 (male + female assembly) are used for all
connections, except the followings :

- Communication ports
- Connection to CT primary windings (ENTRELEC safety connection kit / ESSAILEC type)
- Power supply and voltage inputs direct connection of cables on AWG 24-10 type blocks.

All connections are accessible on the rear panel of the RPH3 controller, except the RS232/RS5485 communication port
(located on the front panel).
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4 APPLICATION NOTES

4-1 Scope of POW switching applications

PoW switching with the RPH3 “TCR” shall be considered in applications listed in the Table 7 below. For other
applications, contact GE Grid Solutions support.

Synchronous switching effects
Application Random
itehi target point definition
switching effects |  added value get p
with respect to the previous zero of the phase voltage
CBR closing operations
o o o Closing at voltage that minimizes
energizing power transformers or 3- High inrush Limit inrush transient magnetic flux.
core reactors (initially discharged) currents currents )
target point = voltage peak (90° el.)
energizing uncompensated High voltage Limit transient . .
L iy target point = voltage zero (0° el.)
transmission lines (capacitive load) surges overvoltages
energizing transmission lines High voltage Limit transient Closing at source zero-voltage
compensated by shunt reactors * surges overvoltages target point = voltage zero (0 ° el.)
energizing single banks of High voltage Limit transient . .
. target point = voltage zero (0° el.)
capacitors surges overvoltages
energizing “back-to-back” banks of High voltage Limit transient | target point = voltage zero on the bank to
capacitors surges overvoltages be energized (0° el.)
CBR opening operations
de-energizing transformers or shunt High voltage Limit transient . .
target point = current zero (90° el.)
reactors surges overvoltages
de-energizing transmission lines High voltage Limit transient . .
target point = current zero (90° el.)
compensated by shunt reactors surges overvoltages
de-energizing banks of capacitors High voltage Limit transient . .
. target point = current zero (90° el.)
(single bank or back-to-back) surges overvoltages

Table 7 : typical applications for PoW switching

* in case transmission lines are compensated by shunt reactors, PoW switching with standard “capacitor” switching
program may or not be applicable, depending on the compensation efficiency (if “over-compensated”, the line turns
inductive). Contact GE Grid Solutions support for further details.

NOTE : in case a Neutral Grounding Reactor is to be used for grounding inductive loads (reactors or transformer primary
windings), the neutral mode shall be set to “isolated” and the RPH3 switching program shall be selected as described in
section 4-6 page 123.
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4-2

Switching HV transformers and 3-core reactors

This section describes the strategy used by the RPH3 for synchronous switching of transformers of any kind.

However, transformer banks whose primaries are wounded around independent single magnetic cores are considered as
single core shunt reactors instead of transformers. For this kind of load refer to section 4-3, page 113.

The switching program “Transformer” shall be selected with the appropriate neutral mode (“grounded” or “isolated”)
when switching no-load power transformers, in order to prevent the below undesirable conditions to occur :

High inrush currents that mechanically stress the transformer windings through resulting strong electro-magnetic

forces. These inrush currents slowly decay down to the steady-state magnetizing level within several seconds.

Temporary harmonic voltages that may lead to unexpected tripping operations of some protection relays.

NOTE : for transformers with primary windings in delta connection, the neutral mode setting shall be set to “isolated”.

4-2.1 Closing operations

For this scope of applications, the target points for closing are chosen so that the flux that will appear in the transformer
at closing dates equals the permanent flux that would exist if its 3 phases were permanently energized.

Note: closing on transformers with residual flux is not yet supported by the RPH3.

In order to prevent transients, the target point for closing each phase is thus defined as the associated voltage peak :

grounded neutral (with phase-phase coupling)

For loads with grounded neutral, each CBR pole might obviously be
closed about 1/3 period timewise after each other.

But this 1°t level approach does not take into account the mutual coupling
existing between phases (via the iron core in case of 3 core transformers
or via the low-voltage winding in case of transformer banks).

Actually the first phase to be closed is the reference one, which is
switched on its voltage peak (90° el. after voltage zero). Once it has been
closed, the magnetic flux in the associated core rises up to its nominal
value, and closes via both the remaining, non-energized cores (a half to

1

each). Thus closing of the two remaining phases occurs = period later
(90° el.), so that the current can start flowing immediately and without

transient process as shown on the Figure 96.

\~...I

\

/

d

'

Reference phase

/> .
F N \
T\

\o

180° el.
Figure 96 : |
switching sequence while energizing a transformer or 3-core reactors (grounded i
Neutral) !
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grounded neutral (no phase-phase coupling)

In case of grounded transformer banks with secondary or tertiary
windings in star connection the mutual coupling is null between phases.

In this specific case the load is to be considered as a group of 3 single-
core reactors and thus the target point for each phase shall be defined on
the associated voltage peak as illustrated on the Figure 97.

Figure 97 :
switching sequence while energizing a grounded transformer bank with
secondary or tertiary windings in star connection

150° el.
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Isolated neutral

Reference phase

For loads with isolated neutral, closing one single phase makes no sense.
Two phases shall be closed first, at a date when their phase-to-phase

voltage is maximum, i.e. % period before the reference phase peak as

illustrated on the Figure 98 : Phase to phase

voltage

0° el
Figure 98 : \-/
switching sequence while energizing a grounded transformer bank with
secondary or tertiary windings in star connection
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4-2.2 Tripping operations

Interrupting small inductive currents may lead to high switching surges in case current chopping or restriking occurs in
the switchgear interruptors.

grounded neutral Reference phase

The Figure 399 provides an illustration of the switching sequence as applied
by the RPH3 in case of a grounded neutral mode of the load :

The current through each phase is interrupted on the associated voltage

peak.
Figure 99 :
switching sequence while de-energizing a transformers or reactors (grounded
Neutral)
05-2012 D1620 ENO3
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Reference phase

/solated neutral

For loads with isolated neutral, the reference phase is opened first on its

voltage peak, followed by both remaining phases on the peak of their '/\

phase-phase voltage (corresponding to a zero crossing of the reference

voltage), as shown on the Figure 100 : \
o

Phase-phase
voltage

A
1
Figure 100 :
switching sequence while de-energizing transformer s or reactors (isolated
Neutral)
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4-3  Switching non-saturable single-core HV shunt reactors

The switching program “Shunt reactor” shall be selected with the appropriate neutral mode (“grounded” or “isolated”).

In case the RPH3 is to be used for synchronous opening only, then the program “Transformer” may also be used (target
points for opening are the same in those 2 programs).

4-3.1 Closing operations

For this scope of applications, the target point for each phase is chosen synchronous to the associated voltage peak in
order to prevent transient processes, since there is no mutual coupling between the phases, as illustrated below :

grounded neutral Isolated neutral

Reference phase ¢

Reference phase

Phase-phase
voltage

Figure 101 : switching sequence while energizing a single core \
reactor (grounded Neutral)

Figure 102 : switching sequence while energizing a single core
reactor (isolated Neutral)

4-3.2 Tripping operations

The RPH3 operates the same way for switchgear opening on reactors as on transformers. Refer to section 4-2.2 for
further details.
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4-4  Switching HV capacitors

High inrush currents and high voltage surges may occur in case of random switching of capacitors, especially if switching
takes place at voltage peaks. The effect of parallel switching of capacitors may be particularly serious (“back-to-back”
applications), since high voltage surges may occur due to reflections at the end of radial networks, whose effects can be
limited by PoW switching.

The switching program “Capacitor” shall be selected with the appropriate neutral mode (“grounded” or “isolated”).

4-4.1 Closing operations
4-4.1-1 Single banks of capacitors

When a bank of initially unloaded capacitors is to be energized, it first behaves as a short-circuit (voltage 0 across its
terminals) to be charged by high magnitude / high frequency inrush currents. The voltage across the capacitor thus rises
with its charging process from 0 up to the HV nominal level.

Reference phase

AN

0°el.

grounded neutral

The voltage depression occurring at the beginning of the charging process
may affect the quality of the system power. This is why the target point
for energizing capacitor banks is chosen synchronous to each voltage zero
(as shown on the Figure 103), thus limiting both the magnitude and
frequency of charging currents.

Figure 103 :
switching sequence while energizing a single capacitor bank (grounded Neutral,
initially discharged)
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isolated neutral Reference phase 4

VEVAV

phase-to-phase voltage is zero, i.e. = period before the reference

phase zero as illustrated on the Figure 104. \ i /\\ /\
i /
i /
4

For loads with isolated neutral, closing one single phase makes
no sense. Two phases shall be closed first, at a date when their

Phase-phase
voltage

Figure 104 : / /\ /
switching sequence while energizing a single capacitor bank (isolated

Neutral, initially discharged)

4-4.1-2 banks of capacitors in “back-to-back” applications

Inrush currents magnitude and frequency are even higher in case a second capacitor bank is energized in close proximity
to the first one. The impedance of their interconnecting circuit is the first limiting factor of inrush currents. But even with
high impedance interconnecting circuits, a significant depression may occur on the system voltage during this “back-to-
back” energizing of the capacitor bank.

In such a case, the most suitable target point for energizing the first capacitor bank (initially discharged) is at a time
when its voltage is the same as across the second capacitor bank (initially charged).

The only solution is to select a target point synchronous to voltage zeroes on each bank, as illustrated in section 4-4.1-1
above.

4-4.2 Tripping operations

Breaking capacitive currents is not an issue for modern switchgears. That does not imply significant transient processes.
In case the RPH3 is used for synchronous tripping operations on capacitor banks it applies the same target points as for
transformers (refer to section 0).
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4-5 Switching HV transmission lines
For this kind of applications, the RPH3 shall be used with the dedicated variant of the embedded firmware : “RPH3-L".

4-5.1 Closing operations

Switchgear closing and re-closing operations on unloaded transmission lines generate a voltage wave which, when
reflected from the open end of the line, may lead to significant overvoltages along the length of the line with a maximum
near its termination point.

The magnitude of such overvoltages may have a very significant impact on the cost of the line since it determines the
insulation level for each tower of the line.

Re-closing operations on lines lead to higher overvoltages than those generated by single closing. This is due to the fact
that the line may have retained a trapped charge with the opposite polarity. The voltage thus obtained may double the
magnitude of the one that would have been obtained from a single closing operation on the same unloaded line.
Nevertheless, re-closing shall be operated only in case a fault occurred anywhere on the network, and associated
transient processes to be limited by the PoW controller depend on the applied protection strategy for re-closing :

e Single-phase re-closing : this strategy does not lead to any significant transients since the line was uncharged by
the fault (chances of re-closing on trapped charge are limited to the scenarii of two-phase faults and untimely
three phase re-closings)

e 3-phase re-closing : this strategy may lead to high overvoltages since the re-closing of at least the 2 safe phases
out of 3 (> 90% of line faults are due to single-phase failures) is performed on trapped charge.

Thus the optimal strategy to be applied by the RPH3 consists in closing or re-closing each CBR interruptor when the
voltage across its terminals is as close as possible to zero so as to propagate the smallest possible voltage wave along the
line and thus limit the overvoltage.

But applying such a strategy requires to consider the presence of line VTs and their kind (design), as they significantly
impact the line charging process. They can be of 2 different types :

e “inductive” VTs that discharge the line,

e or “capacitive” VTs (conventional or not) that don’t.
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4-5.1-1 Lines fed by Inductive Voltage Transformers

Following an opening of the unloaded line, inductive VTs will quickly discharge the line (usually in less time than it takes
for re-closing). Therefore the (re-)closing is to be operated on a discharged line the same way it would be operated on a
discharged capacitor as illustrated on the Figure 105 below :

j ‘ 'I by, TR
8

i Ll

% s 100 150 200 250 740 350~ 400

Figure 105 : discharge and (re-)closing on an uncompensated line
fed by an inductive VT

Reference phase

uncompensated lines fed by inductive VTs
grounded neutral

The PoW target point for each phase shall thus be defined on a voltage
zero for both closing and re-closing operations, as shown on the Figure

106.

Figure 106 :

switching sequence while (re-)closing on uncompensated lines fed by inductive
VTs (grounded Neutral)
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uncompensated lines fed by inductive VTs
Isolated neutral

In case the neutral mode of the system is isolated, closing one
single phase makes no sense. Two phases shall be closed first, at
a date when their phase-to-phase voltage is zero, i.e. + period
before the reference phase zero as illustrated on the Figure 107.

Figure 107 :
switching sequence while (re-)closing on uncompensated lines fed by
inductive VTs (isolated Neutral)

Reference phase

VAVAV

Phase-phase
voltage
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4-5.1-2 Lines fed by Capacitive Voltage Transformers

For this kind of application, the PoW (re-)closing operation shall be carried out a different way, according to the charge

level of the line :

to section 4-4.1 for a detailed description).

in case the line is fully discharged the operation shall be managed as a single closing on a capacitive load (refer

otherwise the trapped charge held by the line may change as a function of atmospheric conditions. Since the VT

has no ability to measure the trapped charge, it is necessary to assess it (estimation).

The RPH3 Controller automatically assumes this assessment and operate the CBR thanks to the sequence below () :

identify the required operation (single closing or re-closing) :
- analyze the operation results stored during the last CBR opening operation.
- analyze the waveform of the reference voltage

operation is to be considered as a re-closing switching. Otherwise it is a single closing operation.

- compare the best achievable closing time for the current operation to a predefined time frame. If it can suit inside the frame then the current

Single closing

- single closing

Re-closing ?

(detection of sudden rising steps).

identify the faulty phase(s) that leaded the line to be opened, thanks to a quick check of the waveforms available in the last current records

v

List of faulty
phase(s)

v

List of safe
phase(s)

estimate the polarity of the trapped charge on each healthy phase (+Vpeak O -Vpear) at the opening instant.

v

compare the actual line voltage waveform to a preset sinusoidal model
of the capacitive VT), in order to detect any signal breakdown.

fitted for steady state line conditions (integrating the impulse response

did the line recover steady state
conditions ?

—

Polarity of each
trapped charge

Yyvyvy

A 4

analyze the conditions on each phase to select the target points for the operation

retrieve the standard target points for a single closing operation on a capacitor

A

Al

Target points

Figure 108 : RPH3 algorithm for line (re-)closing on uncompensated transmission lines fed by capacitive VT
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Once the above algorithm has been completed, each pole is (re-)closed synchronous to a peak of the reference voltage
whose sign matches the polarity of the charge trapped in the associated phase of the line, as shown on the Figure 109

below :

1.5
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Figure 109: (re-)closing on an uncompensated line fed by a
capacitive VT

uncompensated lines fed by capacitive VTs
grounded neutral

The PoW target point for each phase shall thus be defined on a voltage
peak for re-closing operations with respect to the polarity of the trapped

charge, as shown on the (example where only phase #2 is supposed faulty

with a positive trapped charge)

Figure 110:

switching sequence while re-closing on uncompensated lines fed by capacitive

VTs (grounded Neutral)

Reference phase

/\ (safe)

phase #2
(faulty)

¥

phase #3

\ (safe) :
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4-5.1-3 Lines compensated by shunt-reactors

Lines compensated by shunt reactors constitute a case apart since once this kind of lines have been opened, an oscillation
appears on the line voltage at a frequency somewhere in the range of 50 to 90% of the network frequency. Thus the
voltage appearing across the switchgear terminals shows various degrees of fluctuation, depending on the degree of
compensation.

The degree of the shunt compensation for a line can vary from one instant to the next depending on the power carried
out by the line. A line may have zero, one, or several shunt reactors connected to it at different times, depending on the
load. These compensation differences translate into frequency differences on the line side that entails a beat pattern
waveform of the voltage (voltage difference between source and line side) at the switchgear terminals that will be
compensation dependent (see Figure 111and Figure 112).

The optimum strategy in this case, still consists in closing or reclosing the switchgear when the voltage across its
terminals is as close as possible to zero but, in this case the conditions on the line side cannot be calculated and have to
be real-time assessed. The optimal switching moment for re-closing is at the minimum of the voltage beat.

To allow a controlled switching for this application, the RPH3 Controller first performs an identification of healthy / faulty
phases and then selects the most suitable target point for re-closing on each phase as described in section 0.

The RPH3 Controller uses its powerful algorithms to quickly assess parameters and mathematically creates a best fit
representation of the oscillating voltage wave on the line. Measurements are taken within fixed time windows and then
analyzed with Prony’s method.

In parallel to running this algorithm, the RPH3 Controller estimates the steady state source voltage using a simplification
algorithms (steady-state sine wave).

Once the above tasks have been completed, the RPH3 Controller uses all of the above (now stored)
parameters/information, to best predict the line voltage and the voltage beat pattern envelope at the switchgear
terminals. Using this voltage-beat-pattern, the RPH3 Controller software endly computes a set of best timing possibilities
for each phase reclosing operation, from which it extracts a set of optimal reclosing dates for each phase and selects the
three-phase reclosing time set which yields the smallest delay between the first and last phase reclosing.

If, for any reason, (EMC transients, line waveforms severely distorted...), the software does not reach a liable set of
reclosing dates by the end of a settable time window, the default strategy is applied by the RPH3 as a backup : re-closing
at zero-crossing of source side voltages (refer to section 4-4.1-1)

NB: The voltage wave on the line side is best described as a sum of sinusoidal and exponential functions (damping, with
a long time constant). The damping component has no influence on the localization of the beat pattern minimum and
thus is neglected afterwards.

The sinusoidal component has a fundamental frequency ranging between 20 and 50 Hz.
It is essential that the measurement of this line signal is as accurate as possible in order to guarantee accuracy of
reclosing times.

Inductive voltage transformers are usually up to the task, but capacitive voltage transformers (CVT), which are tuned to
the industrial frequency won’t be able to accurately reproduce the line oscillations.
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If the line is fed by a CVT, it is then mandatory to implement another three-phase voltage measurement solution :
whether a NCIT or a pure capacitive one.

Differential voltages - Low degree of compensation

—— Differential voltage —— Source voltage ——Line voltage

AV Y

Figure 111 : voltage waveforms - lines with a high compensation degree

Differential voltages - Low degree of compensation

—— Differential voltage —— Source voltage ——Line voltage

INAAIAVIVRARAAN

Figure 112 : voltage waveforms - lines with a low compensation degree

4-5.2 Tripping operations

Opening operations on lines (compensated or not) shall be operated the same way as on capacitor banks. Refer to
section 4-4.2 for further details.
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4-6 Switching inductive loads fitted through a Neutral Grounding
Reactor

Shunt reactors as well as transformer primary windings may be grounded via a fourth reactor (Neutral Grounding
Reactor - NGR).

In such a case, optimal PoW target points for switchgear opening operations may differ from the ones of pre-defined
RPH3 switching programs, depending on the inductance ratio r between this fourth reactor and the load reactors :

! i L
! | YN
vL1 ; i
| :
i W
| IN
!
! Ln
|
cobw
L
Reference voltage = L1
y vL1=sin(wt)

vL2=sin(wt+120°)
vL3=sin(wt+240°)

ALSTOM|

e

Figure 113 : inductive load neutral grounding through an NGR

RPH3 pre-defined switching strategies correspond to special cases where r=0 (neutral mode = “grounded”) and r = +«
(neutral mode = “isolated”) : in such cases currents zero-crossing dates correspond to voltage peaks (shift angles =
+90°/+30°/+150° for r=0, +90°/+180°/+180° for r = +ex).

Applying such strategies in case r is neither null nor infinite would introduce an error in the localization of current zero-
crossing dates. In any case, this error never exceeds ~1.4 ms (@ 60Hz) or ~1.7 ms (@ 50Hz).

In order to ensure a maximum error of 0.5 ms in current zero-crossing dating b y the RPH3 controller, GE Grid Solutions
recommends to consider the following ranges :

e r<03 =>» Neutral mode shall be set to “grounded” and a pre-set switching program shall be selected.
e r>1 =>» Neutral mode shall be set to “isolated” and a pre-set switching program shall be selected.
e 03=r<1 =>» Neutral mode shall be set to “isolated” and a custom switching program shall be selected

(“user mode”).
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In the last case, the shift angles to be considered shall be computed as follows (with respect to the reference voltage
zero-crossing date) :

RPH3 Uref Uref + 120° Uref + 240 °
switching Load Operation | angular | time shift (ms) | angular | time shift (ms) | angular | time shift (ms)
program shift | @50Hz | @60Hz | shift | ®@50Hz | @60Hz | shift | @50Hz | @60Hz
o closing 90° 5 4.2 180° 10 8.3 180° 10 8.3
User” |Transformer|—— ; - "
tripping Special 30 1.7 1.4 150 8.3 6.9
o closing | 90° | 5 | 42 | 30° | 1.7 | 14 | 150° | 83 | 6.9
User Reactor — : . .
tripping Special 30 1.7 1.4 150 8.3 6.9

Table 8 : custom switching program for switching inductive loads fitted with NGR

For boxes filled with the “Special” string, the formula below shall be computed :

. 3
Special = 90° + ArcTan( \/_2)

3+°
r

L
where r = N |
L

NOTE 1 : the switching sequence shall be kept unchanged compared to the one if the system neutral is effectively
grounded (r = 0) or isolated (r=+= ) :

1. Uref +120°
2. Uref
3. Uref + 240°

NOTE 2 : the inductance of a given reactor is obtained from its rated voltage U, and rated power P in the considered
application by :
U ?

L= r
- P.o where w=2.11.f
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