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Read this first

About this instruction manual

This Instruction Manual provides detailed information to help you quickly install and
operate the RVT power factor controller.

Warning

Caution, risk of danger: This symbol is a warning indication to highlight some
important information

Before installation and operation of the RVT controller, read the safety notices carefully.
Keep it at the disposal of people in charge of installation, maintenance and operation.

Safety
The RVT complies with the European Directive LVD 2006/95/EC.

Caution, risk of electric shock: This symbol warns the reader that safety
information is given and has to be taken into account

Installation, maintenance and operation of the RVT Controller must be performed by
qualified electricians.

Do not work under live supply conditions.

For cleaning, remove the dust with a dry cloth. Do not use abrasives, solvents or alcohol.
Before cleaning please turn off the power supply and voltage measurement circuit.

Do not open the RVT Controller’s housing. There are no user serviceable parts inside.
The RVT Controller is connected to a current transformer. Do not unplug the current
transformer connections before making sure it is short-circuited or connected to another
parallel load of sufficiently low impedance. Failure to do so can create dangerous over
voltages.

Do not use this product for any other purpose than it is designed for.

Electromagnetic compatibility
The RVT complies with the European Directive EMC 2004/108/EC.

This RVT Controller has been verified for compliance with EU (European Union)
directives for EMC (electromagnetic compatibility) for operation at 50 Hz and bears the
CE marking to this effect.

When an apparatus is used in a system, EU directives may require that the system be
verified for EMC compliance.

The following guidelines are helpful in improving the EMC performance of a system:
Metallic enclosures generally improve EMC performance.

1. Run cables away from apertures in the enclosure.

2. Run cables close to grounded metallic structures.

3. Use multiple ground straps for doors or other panel parts as required.

4. Avoid common ground impedances.
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Introduction to the controller

What this chapter contains

This chapter gives a general description of the power factor controller RVT. It illustrates
the basic structure of the controller, major features and the touch screen user interface of
the controller.

1.1 A powerful fully three phase individual controlled power factor controller

The RVT controller is able to fulfill power factor compensation in both balanced and
unbalanced network. There are two models for RVT controllers: RVT Base Model
RVT6/RVT12 and RVT Three Phase Model RVT12-3P. The Base Model is fully backward
compatible to previous RVT controllers with 6 or 12 outputs, which is applicable for a
balanced three phases or single phase (phase to phase) network. The Three Phase
Model RVT12-3P is a more powerful version with individual phase power factor
controlling functions thanks to three CT measurements for each phase. The Three Phase
Model RVT12-3P has 12 outputs execution only.

The RVT can also be used for MV automatic capacitor bank. Details on how to connect
RVT to a MV bank can be found in 4.2.1.1.

1.2 RVT main features

Power factor correction control

The RVT Power Factor Controller is the control unit of an automatic capacitor bank which
is used to fulfill reactive power compensation in an installation with prevailing inductive
loads.

It performs the switching of capacitors in order to reach a user-defined target cos o.

e All the switching parameters may be programmed manually or automatically
(description in paragraphs 4.2.2 and 4.2.1)

e In addition to the target cos ¢, night target cos ¢ and target cos ¢ in regenerative
mode may be programmed (description in paragraph 4.2.1.3).

e For the Three Phase Model RVT12-3P, the controller can be configured to switch
on/off single phase capacitor in an unbalanced network. This function is used to
correct the low power factor in each individual phase; for instances, power factor
0.6 in Phase1, power factor 0.8 in Phase2, power factor 0.95 in Phase3. It is very
practical for some residential/commercial area where the three phase loads can
be unbalanced due to many single phase loads.

Measurements and monitoring
e Measurements (description in paragraph 4.1).

¢ Protection against unexpected phenomena and/or unauthorized use (description
in paragraphs 3.1.4 and 4.2.1.1.

e Logging of data and alarm messages based on a real time clock (description in
paragraphs 4.1.5 and 4.3).

e Checking and testing of relays status (description in paragraphs 4.3.2 and 4.3).

e Temperature measurements: max. 8 temperature probes can be connected in
daisy chain connection (description in paragraph 4.2.1.4.3).
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Communications
e Modbus connection (a Modbus RS485 adapter is required)
e USB connection (Compatible to USB2.0 specifications)
e Ethernet TCP/IP interface

e CAN 2.0 with extended outputs up to 32. Hardware capable in current version
RVT, the software is to be implemented in the future.

Detailed information is in paragraph 4.4.

1.3 Front view and rear view

POWER FACTOR CONTROLLER RVT

Figure 1: RVT front view

Figure 2: RVT rear View (Base Model RVT6/RVT12)
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Figure 3: RVT rear View (Three Phase Model RVT12-3P)

1.4 Colorful touch screen interface
A colorful QVGA 320 x 240 pixels touch screen helps the user to operate the controller
more easily. All the menu navigations, parameters settings are easy and intuitive thanks
to the touch screen.

(1]2[aa]5]6[7[8[0 /101112 #s k¥ F<Fs 8 &

Figure 4: RVT start screen

Detailed Menu navigation can be found in Paragraph 3.1.
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2 Installation
What this chapter contains
This chapter gives instructions to mount the controller on the panel and explains how to

make the electrical connection to the controller. The wiring diagram is shown in section
23.

2.1 Mounting
Please follow steps below to mount a RVT controller to a panel.

Step 1: Slide the RVT (a) perpendicularly to the Capacitor Bank Cubicle (b).
Step 2: Rotate the RVT to insert it into the Capacitor Bank Cubicle.

'\ Step 2 «

(b)
(a)

Step 1

Figure 5: Mounting a RVT

Note: cut out dimensions are 138x138 mm.

Step 3: Insert the Mounting Bracket (c) in the corresponding Fixation Holes (d) of the
RVT.

Step 4: Pull the Mounting Bracket backwards.

Step 5: Turn the Screw (e) into the Mounting Bracket and tighten until the RVT is secured
in place.

Step 5 (e)

Repeat steps 3 to 5 for ggme—
the bottom Mounting
Bracket.

Figure 6: Mounting a RVT
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2.2 Lead connections
Please follow instructions below to connect wires to the terminals on the rear side of the
controller.

1. Push the lever of the connector backwards with a screwdriver.

Figure 7: Lead connection

2. Insert the wire (up to 2.5 mm? /single core) in the corresponding connection hole
while keeping the pressure on the lever.

Figure 8: Lead connection

3. Release the screwdriver.

Figure 9: Lead connection

4. The wire is properly connected.

Figure 10: Lead connection
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2.3 Wiring diagram

The wiring diagram shows the connection of main circuits and control circuits.

Base model RVT6/RVT12

PS1 supply 1 (100..460Vac)

L1 L2 L3

NETWORK £

[ JTemp — A

[ rRS485 Modbus Adapter

N 15-24Vacidc
IN2+
IN2-

CAT Il

PS2 supply 2 (100.460Vac) ]
N.C 3 A\ SUPPLY __
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N.C. —T
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N.C.
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B | MadeinBelgium PPE+PS
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Figure 11: RVT wiring diagram (base model RVT6/RVT12)

Three phase model RVT12-3P

PS1 _supply 1 (100.460%ac) M L1 L? L3 A #
PS2  supply 2 (100, 460vaE) s NETWORK L A.¢.
ML % 3 %.@.?.UPP_L.‘C-- SN
ML 2 _dmax 630 vac) | 1 1 1 ? LOAD
=|> 2 _cl')_'“‘\-,_
MLSﬁ 3 _¢_‘““~,_
N —==— ﬁ Dfﬂt S
ki
no -G A S el
k2 ! 6 41,_‘&_
5 Cr2 SR H N
S TT3 = , HEI—E 8 b~
E:@Z 11 P SR
can — |
Earlhﬂ)-_- e — ! -
—em = AN = e Eis '”#—“‘“—
[ rs485 Modbus Adapler 4 — - 124
N1+ — NOL—~—
IN1- 19-24Vacids N
N2+ AL
IN2- FAM1
FAMZ
CATII
ETHERMET (’_;B
LOCK Y
q}gﬁ%ﬁgfmpm& = LUSB2 Made in Belgium PPE+PS

Figure 12: RVT wiring diagram (three-phase model RVT12-3P)
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PS1, 2 Power supply

ML1-3 Voltage measurements

N.C. Not connected

N Neutral connection

k1-3, 11-3 CT connections

canH, canL CAN bus

Earth Grounding

Temp Temperature probe connection
RS485 Modbus Adapter RS485 interface

IN1+/- digital input selecting Day or Night target cos ¢
IN2+/- digital input for external alarm activation

A Common source for output relay
1-12 Output relays

NO/NC Output contacts of alarm relay
AL Common source for alarm relay
FAN 1-2 FAN/warning output relay

USB USB connection

RJ45 Ethernet connection

Lock Hardware lock

Caution: An over-current protection is recommended in the PS1-PS2
connections: 6Arms fuses 10 X 38 gl 690V
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3 Easy start

What this chapter contains
This chapter describes briefly the quick start and automatic commissioning procedure for
the controller.

3.1 Menu navigation
When the RVT is switched on power after the boot process (where the ABB logo is
displayed) the start screen is the first screen which will be displayed as shown in Figure
13.

(1]2[3]a(5]6[7(8/0/1011/12% #s ¥ ¢+ y 8 &

Figure 13: RVT start screen

In the centre of the screen the four icons (Measurements, Settings, Bank monitoring and
Communications) represent the four root-level menu.

At the bottom of the screen, the status bar shows the active capacitor steps, RVT Lock
status, warnings, the control source of the RVT(by local touch screen or
communications), switching on or off demand, operating mode: A (automatic mode), M
(manual mode) and S (setting mode). Detailed meaning of the status icons can be found
in following legends.

3.1.1 Legends for the touch screen icons

E Active (closed) output ( inactive outputs are not highlighted )

bank settings unlocked

bank settings locked

settings can only be done through the communication

settings can be done through the user interface or the communication

temperature alarm ( alarm relay is activated ) or warning ( fan/warning relay
is activated )

no temperature alarm nor warning ( alarm and fan/warning relays are not
activated )

CERNEOG B
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warning level achieved ( the fan/warning relay is activated )

alarm activated ( alarm relay is activated )

no alarm activated ( alarm relay is not activated )

settings locked by hardware switch at the back of the controller

settings unlocked by hardware switch at the back of the controller

demand to switch ON step(s)

demand to switch OFF step(s)

no demand to switch steps

automatic mode ( steps are switched automatically according settings )

manual mode ( steps can be switched manually )

set mode ( settings can be done )

mode change

on line help

close window

Validation

next page

HE}HHEEI DROEORNEEBE0

Except for the start screen, for all other RVT screens, each screen has three parts: title
bar at the top, status bar at the bottom, and the setting area in the middle of the screen.

Measurements L] i i .
N ol Title bar

Setting area

[1[2]a]a]s]e|7[8[o 101112k %+ L F< 8 & Status bar

Figure 14: RVT screen composition
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3.1.2 Title bar
At the left end of the title bar, the blue Mode button is used to switch between the three
RVT operating modes: Automatic mode, Manual mode and Set mode. The following
screen as shown in Figure 15 appears when the Mode button is clicked. When one mode
is set to the RVT, for instance, the Set mode is set, the one-letter uppercase initial will be

indicated at bottom right of the screen: the E at the right end of the status bar means
the current mode of the RVT is in Set mode.

[1]2]3]a]6]6]7 801011127 s L F« W A&

Figure 15: RVT modes switching

In the middle of the title bar, the text, like the “Measurements” in the Figure 14, displays
current menu displaying in the screen.

By clicking the ﬁ question mark, a piece of relevant help information will display to
aid the operator to understand and set the parameters easily. Following screen will
appear after click the question mark on the Figure 15 screen:

Change mode

N 3

_hange mode

| To select the mods:

| - automatic (A)

| - manual (M)

|- set (3]

| Can niok be changed when the locking switch
| (at the back) is loc

(1]2]3]a]6]6]7]8/9 /101112 %+ F F< U A&

Figure 16: RVT help information

Clicking the Red Cross button at the right end of the title bar -x , the current active
screen will be closed.

Note: The RVT returns automatically to AUTO mode when the touch screen is not
touched for more than five minutes.
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3.1.3 Setting area
The setting area consists of buttons, setting and information fields. After finishing the

setting on one screen, the OK button m shall be clicked to valid the settings. In
case there are more settings which cannot be displayed in one screen, the arrow button

E will appear in the screen. By clicking the arrow button, the remaining settings
will show in next screen.

3.1.4 Status bar
The status bar displays current active capacitor steps and the RVT status. The meaning
of the status icons can be found in 3.1.1.

Hardware and software lock

RVT has both hardware and software lock. A hardware switch in blue color is located at

back of the controller. When it is pressed, the RVT is locked and the icon E will
appear on the status bar at the bottom of the display. When the switch is released, the

same icon will turn into: . If the RVT is locked, then all bank settings are not
accessible and the commissioning (both guided and auto) is disabled as well.

The icon D means the RVT bank settings are locked by software. The icon n
means the RVT bank settings are unlocked by software. When the controller is locked by
software, all the banking settings are protected, i.e. they are not accessible.

Description of soft lock can be found in 4.2.1.1.

3.1.5 Keyboard entry screen
All data will be entered through a keyboard interface.

(1]2[a]a]5]6]7]8[9 /101112 #s L Fs Iy

Figure 17: Keyboard entry screen

Cos ¢ values may be entered with the i (inductive) or 4 (capacitive) symbol.
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3.2 Starting the RVT
When the RVT is powered-up, the start screen as shown in Figure 13 will be displayed.

There are four big icons on the start screen: Measurements, Settings, Bank monitoring
and Communication. By touching one of the four icons, next level menu contents can be
easily accessed.

Five languages are presently available for the RVT controller: English, French, German,
Spanish and Simplified Chinese. Following path will give you access to the language
selection:

Start screen =& Communication = |/O Configuration = Set language.

3.3 Automatic commissioning

Commissioning a RVT is very easy. RVT’s automatic commissioning function will help a-
first-time user to start a controller quickly.

3.3.1 Description
The RVT performs automatic commissioning as below:

e Automatic recognition of :
o Phase shift and rotation for each predefined type of connection
o number of outputs
o type of switching sequence

¢ Automatic setting of: C/k, the start current, detailed description on C/k can be
found in paragraph 4.2.1.2.

3.3.2 Preparation for automatic commissioning
Required parameters during the auto commissioning process are:

e Type of connection. The type of connection defines the way of CT connections
for RVT. There are total eight different types of connection for CTs, which
depends on how many current measurements and how these CTs are
connected. Detailed description on the type of connections can be found in
paragraph 4.2.1.2.

e CT Scaling: Current Transformer ratio (for instance a 250A /5A CT has a CT
scaling of 50). More info can be found in paragraph 4.2.1.2.

e Target cos ¢ (in paragraph 4.2.1.3.)
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3.3.3 Automatic commissioning

e if you have a short-circuit on the CT’s secondary winding do not forget to open it
after having connected the current input of the PF Controller

e if a transformer is used for the voltage measurement, the Vscaling value needs to
be changed accordingly (see paragraph 4.2.1.)

Notes: when the icon E (hardware lock) appears on the status bar at the bottom of the
display, this means that the RVT is locked. The set Mode access is denied and
commissioning cannot be performed until the RVT is unlocked (see description in
paragraph 4.2.1.1.)

Following screenshots shows how a typical automatic commissioning takes place:

1. Start screen, Click “Settings”: 2. Click commissioning:

s - - — Settings L] _r
" Measurements Settings ! . B e ot

”

152

m;’;f?'_ 801011120 %5 ¥ 74 8§ [1]2]a]a]s]e]7]8]e 101112l s & <= i 8 (8

|'“ Commissioning 9 [_ri [“ Commissioning T X i

The automatic commissioning process will
now stark.

To proceed press OK.
To cancel press Close.

You should enter the type of connection 1Ph/aph SPh-1LLL |
;

[~

Please press OK to proceed
Lin./Circ. =]
E2

Prog./Direct
Normal/Int. Integral |

Bank settings Unlocked [ |

]

[1]2]a]a]s]e]7[a]ot0j11)12'h ¢ L F- M 8 | [e]7]a]oto[11/12/h s L F< P I (&
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7. Click OK: 8. Lock or unlock the “Bank settings - OK:
[Wiods' Commissioning [ | [Wods' Control [

If you want to start 1Ph/3Ph 3Ph-1LN3 [+] w
~]

- Full automatic commissioning: e D
leave "Bank Settings’ Unlocked Lin./Circ. I |

- Commissioning without sequence recognition: Prog./Direct [~
set ‘Bank Settings’ Locked

Normal/Int. Hormal I

=
Bank settings Unlocked [ |

“oK"

DEDDOEE RN f elr[alofwonnh % I'rl @8

9. Click OK: 10. Click OK:
TWode Commissioning o [w Commissioning {T[’T

Press OK Lo start phase rotation Please now enter current transformer ratio.

detection :
Example: A 250454 transformer requires
CT scalin:

[+J2[3]s]8]e[7]e[o]10/1]1a/ ¥ ¥ 74 % B 8 [1]2]a]s]s]e7 e[ 101112k ¢ k £« T B 8

11. Input CT scaling: 50: 12. Click OK:
rm Commissioning [ﬂ Commissioning |_?_ |T

: The automatic commissioning process will
CT scaling now start.

C/k 1Ph To proceed press OK.
To cancel press Close.

C/k 3ph

Phase shift

19

[(1]2]a]a]s]e[7]8]o]t0[11/12/l s W e« K M 8 [1]2]3]4]6]e]7[a]910/1112/% #s & Fs
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13. Click OK: 14. Click OK:

[““ Commissioning |_?_“r—*— [“ I::ummlss;ll.:ming |—_?"' |'T

Automatic commissioning with sequence Please check now CT's redirection
recognition in progress.

This may take several min.

Steps will be switched several times.

To cancel press Close.

Please wait while the Automatic commissioning

is finished
“oK" oK

sl7]sleloii12h % FF L@ S| 7]8]9/10/1112/0 ¢+ L r+ D (8

15. Click OK: 16. Click OK:
[ﬂ Commissioning |_?_ |T [“ Commissioning |_?_ |T

Please check now the Phase Shift ¥erify the outputs status and size (1-6)

[1]2]3]a]6]e[7[a[a[10/11/12/h s L' Fr- i [ (& [1]2]a]a]s]e[7[a[of10/11/12/h #s L' F« i ) (&

17. Click OK: 18. Click OK:
["m'.' Commissioning [_r IT [w Commissioning |_?_ |T

Outputs Size Status _ .
1 s ¥erify the outputs status and size {7-12)

2

2
3
4
5
b

(1]2]3]4]s]e[7[e]e[10[1112% % ¥ £+ Fu [1]2]3]4]5]8]7]8]o1011127B *s & £+ B &
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19. Click OK: 20. Click OK:
[“ Commissioning |_?_ |T [“ Commissioning |_?_ |T

Yerify C/k values Please set now the target cos ¥

[1]2]a]a]6]e]7[8]o10[11/12[h s L' F« s (8 [1]2]a]a]s]6]7[8]9f10[11/12/h ¢+ ¥ r«Fu ) (&

21. Automatic commissioning completed:

[“ Commissioning 5 X

Automatic commissioning has ended

[1]2]a]a]s]e[7]a]olt0f11/12/h *s L' F< [ &

The above process is a typical automatic commissioning. Some setting like the CT ratio
and type of connection could be different from above inputs for each installation.

In case some errors occur during the automatic commissioning, the help info will instruct
the user to identify the causes and complete the commissioning.
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4 Measurements and Settings

What this chapter contains
This chapter describes all the menus/submenus for measurements, settings, bank
monitoring and communications settings, etc.

4.1 Measurements

This main menu allows the user to see various parameters like voltage, current, power,
temperature. Five submenus are included in this main menu: Overview, System Value,
Waveform, Meter and Event Logging.

RVT is very powerful in measurements and versatile on measurements display. All
measurement can be shown in a table. For waveform measurements like voltage and
current, a graph display is also available. A bar chart display is provided for all harmonics
measurements.

[FWiode Measurements [P —

[1]2]3]a]s]e]7[8[9[w/11/12/h s ¥ r< i & &
Overview
The overview submenu gives a complete list of all measurements.
System Values

Network measurements like voltage, current, Power, Energy and Temperature etc. For
Three Phase Model RVT12-3P, system values for each phase are available as well, for
instance, the power factor for Phase 1, 2 and 3.

Waveform

System voltage and current (phase to phase or phase to neutral) can be displayed in
Sine wave waveform.

Event Logging

This submenu allows the user to view the extreme values of some key parameters.
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Meter

This function offers a possibility for the user to display three most concerned
measurements in one screen. For instance, three line voltages can be shown in one
screen in a better resolution and better view. Detailed instructions for this function can be
found in 4.1.4.

4.1.1 Overview
Details on all available measurements through RVT:

Table 1: Measurements overview

Designation Unit Description

Voltage Range Accuracy Max value

Vrms V Rms Voltage Up to 690Vac 1% 10° V

VA1 V Rms voltage at the Up to 690Vac 1% 10° V
fundamental frequency

Frequency Hz Fundamental voltage 45Hz - 65Hz £ 0.5% 45Hz - 75 Hz
frequency

THDV % Total harmonic voltage 0-300% 1% 1000 %
distortion on voltage

V harm. Table Z?;ts%e harmonics displayed in 2nd-49th See later in this paragraph

V harm. chart Voltage harmonics displayed in 2nd-49th See later in this paragraph
a bar graph

Current Range Accuracy Max value

Irms Rms Current 0-5A +1% 10° A

1 Rms current at the 0-5A +1% 10° A
fundamental frequency

THDI % Total harmonic current 0-300% 1% 1000%
distortion on current

| harm. table Current harmonics displayed in | 2nd-49th See later in this paragraph
a table

| harm. chart Current harmonics displayed in | 2nd-49th See later in this paragraph
a bar graph

Power Range Accuracy Max value

Cos ¢ Displacement power factor -1 +1 +0.02 -1 +1

PF Power factor -1+ +0.02 -1+

P w Active power -10°210°W +2% -10°2>10°W

Q var  Reactive power -10°>10°var  £2% -10°210”var

S VA | Apparent power 010’ VA + 2% 0 10°VA

Missing Q var  Missing power to reach the 0 10°var +2% 0 10°var
pre-set alarm cos ¢

Missing Steps Missing capacitor steps to
reach the pre-set alarm cos ¢
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Temperature (optional) Range Accuracy Max value
T1-T8 °C/°F | Temperature T1-T8 (optional -40°C = + +1°C -40°C =2 +
external probe max. up to 8) 105°C 150°C

Energies Range Accuracy Max value
Supplied Active = kWh | Active Energy to the network 0> 10" +3% 0> 10"
Energy
Consumed kWh | Active Energy to the load 0> 10" 3% 010"
Active Energy
Total Active kWh | Sum of Supplied and -10"“> 10" +3% -10"“> 10"
Energy consumed Energy
Inductive kvarh | Inductive Energy 0> 10" +3% 0> 10"
Reactive
Energy
Capacitive kvarh | Capacitive Energy 0> 10" +3% 0> 10"
Reactive
Energy
Total Reactive  kvarh ;. Sum of inductive and -10"*> 10" + 3% -10"> 10"
Energy capacitive Energy
Total Apparent | kVAh | Sum of active and reactive 0> 10" +3% 0> 10"
Energy Energy

Notes

e All the measurements are averaged over one second

o If a transformer is used for the voltage measurement, the harmonic voltage
measurements may be erroneous due to the filter behavior of the transformer.
The use of a high quality transformer will minimize the error.

(1) The range values have to be multiplied by the CT ratio (I'rms-11-P-Q-S -
missing Q) and the PT ratio (Vrms - V1 - P - Q - S - missing Q).

(2) Displacement power factor or cos ¢ : calculation based on the fundamental
value of the measurements. This value is used as the reference value by
Electricity Supplies Companies.

(38) Power factor: calculation based on the fundamental and harmonic values of
the measurements. The power factor is always lower than or equal to the
displacement power factor.

The Overview menu displays all measured items in a list.
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PF

Cos ¥
Irms

Yrms L-L
Frequency
THDY L-L

[1]2]3]a]6]6[7 8]0 10/1112/% *s & ¢« 7y S &

The user may customize the display of the measurement values to his particular needs
just by moving the important items in the list to a desired position.

Click on the item in the list to be moved (in the below example, the THDV L-L is chosen)

_ Overview [T [T

PF
Cos ¥
Irms
Yrms L-L
Item to
Frequency
move

[1]2]a]a]s]e]7[a|ol0/11/12% #*s ¥ r< Iy 6 &

Then click on the position where the item in the list should be moved (in the example
hereafter the THDV L-L is placed on the Frequency position, this one being moved

automatically just below in the list)

[Wode' Overview [ T

Measurements

PF
Cos ¥
Irms
Yrms L-L
Frequency
Item
moved

[1]2]a]a]s]e]7[a|ol0/11/12% #*s ¥ r< Iy 6 &

The Overview screen is also a menu where it is possible to switch manually some steps
ON and OFF. Enter the “Manual” mode by clicking the “Mode” button.

24 — Measurements and Settings | Power Factor Controller RVT



[“ Overview [T [_x_
[Measurements  [walies  [units | |

Yrms L1-L2
Yrms L2-L3
Yrms L1-L3
Yrms L-L

Yrms L1-N

Yrms L2-N
Yrms L3-N
Yrms L-N
V1iL1-1L2

Switch
ON and
OFF
buttons

Lol il il ik kb

[1]2]a]4]6]e[7]alalt0/11/12'h #s § == v @ @
Then, “Switch ON and OFF 1 step” buttons are enabled.
Click on these buttons to switch steps manually.

Note: The RVT12-3P model will enter a new screen asking which kind of step should be
(de)activated. Differences between these steps can be found in 4.2.1.1.

m Remove Step |_?_ [_R_

[_

[1]2]3a]s[e|7[a]o/1w0f1112/h s L' =< S O

4.1.2 System values
The System Values menu displays all measured system values sorted by type as shown
in Figure 18. For Three Phase Model RVT12-3P, the system values for each phase are
included as well.

Figure 18: System values
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Voltage (current) measurements

|' Yoltage [T [T

Measurements
Vrms L1-12
Yrms L2-13
Yrms L1-L3
Yrms L-L
Yrms L1-N
Vrms L2-N
Yrms L3-N
Yrms L-N
Y1iL1-L2

=

o DD D DD D

[

Measurements
Irms L1
Irms L2
Irms L3
Irms

gl e ol o ol e

[1]2]a4]6[a]7[8]of10/1112/h #s & Fx Fu

Voltage (current) harmonic chart and table

Harmonics voltage/current can be illustrated in bar chart as shown below. A scrolling bar
is to choose a specific harmonic to display at the top of the screen: the harmonic order,

the value and percentage against Fundamental.

For voltage and current values, the RVT is able to display the harmonics voltage and

Display
harmonic

currents in table or in spectrum. Click on the “Select” button to choose which

measurement is displayed in the harmonic table or chart.

[- ¥ harm. chart [T |

Ihl =| 23587 W I 1000 % -~
vottage  guselect ]|

[1]2]3]a][5]e]7][a]o]10[11/12h s ¥ 7= ) (&

Figure 19: Harmonics voltage in chart
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235.97
0.00
0.47
0.00
1.65
0.00
1.40
0.0 - Select

measurement

to display

ol
w
=
~

-
=

o B e e R e e e e ]

=1== RN = Y IR A N
mEmE~EmEE

Figure 20: Harmonics voltage in table

Comment: accuracy on voltage (current) harmonic measurements: = 1 % of Vrms (Irms)

Power, Power factor measurements

Measurements
PF 1

PF 2

PF 3

PF

Cos ¥ 1
Cos ¥ 2
Cos ¥ 3
Cos ¥
Missing Q1
Missing Q2
Missing (3
Missing O

[1]2]3]a]6]e[7]a]0 101112/ #s L e« W S
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Temperature measurements

Measurements
Internal T

Energy measurements

_ Energy [-r |T

Measurements Walues

Supplied Active L1 9434.43
Supplied Active L2 6776.23
Supplied Active L3 3434.56
Supplied Active 19645.22
Consumed Active L1 122343.98
Consumed Active L2 143233.76
Consumed Active L3 134545.4
Consumed Active 400122.95
Total Active 380477.73

Reset energy
values

[1]2]3]4]s]e[7]a[o/10/1112h ¢ e i (&

Energy measurements are only available on the RVT12-3P (the 3 phase model is
equipped with a real time clock).

Energy values may be “Reset” to 0.

4.1.3 Waveform
Available voltage and current signals (depending on RVT type and connection used) and
the line current can be displayed on the screen as waveforms. Figure 21 shows the
voltage wave form between line and neutral.

4608
388
208
188

=188
—268
B
—-485
=111

[1]2]a]a]s]e[7[alet011)12/h s Er: S W

Figure 21: Voltage and current waveforms

Select
waveforms
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4.1.4 Meter
This function offers the user a better view of three most interested measurements.

Click on the wanted item, and then click the “Select” button to insert values in the meter

screen.

PF

Cos ¥
Irms

¥rms L-L
Frequency
THDY L-L

[1]2]a]4]s][e[7|a8/0/10/11/12%h #s L' r- S W

An example is shown below for three important measurements.

[“ Meter |_?_ [_r
Cos ¥

Irms
347.28

Vrms L-L
404.23
[1]2]a[4]s]6[7[a8[010/1112%h #s ¥ r< 7y S W

Figure 22: three measurements displayed in meter

4.1.5 Event logging

Description
The event logging function allows the user to log each significant measured item (see list

here below) since last clearance:
e the maximum (or minimum) value
e the duration above (or below) the threshold.

Once a threshold has been set (see example below), the RVT starts recording the
maximum (or minimum) value automatically as well as the total duration until it is reset.

Maximum recorded

Treshold

b

t !

Total duration =t1 + t2 + t3 Time
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Recorded values

The event logging function allows the user to record the time during which a measured
value exceeds a threshold and its maximum value for the following parameters : Vrms [V],
Irms [A], P [kW], Q [kvar], S [kVA], THDV [%], THDI [%], missing Q [kvar], frequency*
[Hz], T1* [°C or °F] to T8* [°C or °F].

* Minimum values and duration below a threshold are also recorded for the frequency and
the temperatures.

[“ Event logging |_?_“ ['_"R"':

® ¥rms L-L ® Temperature T1

® Irms ® Temperature T2
® Active power ® Temperature T3
® Beactive power ® Temperature T4
® Missing Reactive Power @ Temperature TS
® Apparent Power ® Temperature TG
Q) TDHY ® Temperature T7
® TDHI ® Temperature T8

® Frequency

(1]2]3]a]s]e[7][s]o[10/11/12/h #s K F« Ty S 8

Figure 23: Event logging recorded values

Example
Recording of information on Vrms.
Voltage network : 400V.

[“ Yrms L-L i’ X
Threshold ¥ oK

¥rms L-L Peak 435.38 ¥ ' Resst 4

¥rms L-L 0/0/0 0:2:45

UL L wimid himes

OLl-l2 @L2-13 @L3-L1 @ VYrms

[1]2]a]4a]s][e[7|a8[o/10/11/12h #*s F'Fr- &

Figure 24: Event logging threshold setting - Vrms
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m Frequency E S
Max Threshold BN [y
Mexpesk  ETITRN M

Max Duration 0,/0/0 0:0-0 ' Beest

wimfd himis

Min Threshold  (ETIET [y

Min Peak m Hz
Min Duration 0,00 0:0:0
wimfd himis el

[1]2]3]a]s[e]7[a|o10/11/12/h #s L 7 [ s

Figure 25: Event logging threshold setting - Frequency

The recorded information (maximum value and total duration) may be cleared by
selecting and validating the “Reset” button.

4.2 Settings

Settings

The main menu Settings has multi-level submenus allowing the user to program the
controller as well as to do commissioning and test functions.

[“ Settings |_?_ [_r

[1]2]a]4]s][e[7|a8/0/10/11/12%h #s L' r- S W
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4.2.1 Manual settings (Set Mode)
The manual settings allow the user to access all the Bank, Installation, User settings and
protection/warning configurations. The user can also restore the factory setting from this
sub-menu.

Figure 26: Manual settings

Before making any settings to the controller, please make it is in Set mode. Please refer
to 3.1.4 and 4.2.1.1. for the controller mode setting and locking/unlocking.

4.2.1.1 Bank settings

start->settings->manual settings->bank settings

The Bank Settings menu includes all configuration parameters related to the bank.

|'“ Bank settings Outputs

. (———— selection and
¥ nominal -4|]|]_|]|] ¥ .
settings

Q step 1Ph m kvar
Q step 3Ph m kvar

oK Power factor
control settings

Delays settings

[1]2]aa]s]e[7]a]91w0/11/12/h % Frifi [ &
Figure 27: Bank setting

Following shows the list of bank setting parameters.
V nominal: nominal bank voltage.

When a V nominal value is entered, under-voltage and overvoltage protection levels are
automatically set at 80% and 120% of V nominal.

These level values can be changed manually.

V scaling: external voltage transformer ratio.
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Examples: for a 15kV/100V voltage transformer, V scaling = 150.
if no external voltage transformer is used, V scaling = 1.

This function enables the RVT to control a MV capacitor bank. A proper voltage
transformer shall be connected to the measurements terminals of RVT. Then the RVT will
display the MV measurement values accordingly.

Q step 1ph: the smallest step size for single phase (phase to neutral) capacitors which
are used for individual phase power factor correction in an unbalanced network.

Q step 3ph: the smallest step size for three phase capacitors in a balanced network.
For the above two settings,

a) After automatic commissioning, this value will be set according to the smallest step in
the capacitor bank.

b) For guided commissioning (see 4.2.2.2), this value need to be set manually.

Here is an example in a capacitor bank which has both individual phase (3 steps) and
three-phase (3 steps) power factor correction:

Single phase sequence*: 1 ( 5kvar) 2 (10kvar) 2 (10kvar) = Q step 1ph = 5 kvar
Three phase sequence: 1 (10kvar) 2 (20kvar) 2 (20kvar) = Q step 3ph = 10 kvar
Or,

Three phase sequence: 2 (15kvar) 4 (30kvar) 5 (37.5kvar) = Q step = 7.5 kvar

*Sequence: relative reactive power value of the capacitors connected to the RVT
outputs. These relative values are included between 0 and 8.

For both Base Model RVT6/RVT12 and Three Phase Model RVT12-3P, the default
factory sequence is: 1:1:....:1. Customized sequence may be introduced manually.

To customize a sequence, navigate in the menu tree as following:

Start screen =» Settings "= Manual settings =®» Bank settings =» Outputs.

Figure 28 shows the output 1 - 6, click the arrow button E , the next screen will
display the remaining output 7-12 as shown in Figure 29.

[Made Outputs el &

Outputs i Status
1 —

2
3
4
a3
b

[1]2]aJa]s]e[7]8[olw0/1/1zh *s ¥ ri W D[S

Figure 28: RVT outputs 1-6
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Outputs

Ouktputs

(1]2]3]a]s[e[7[a]of10/1112'h ¢ L' (&

Figure 29: RVT outputs 7-12 (Three phase model RVT12-3P)

On the right of the screen, the “Status” includes six attributes of each output:
“Fixed OFF”: this output is disabled (default factory setting);
“Fixed ON”: this output is enabled (the corresponding capacitor is always connected);

“1PhL1, 1PhI2, 1PhL3”: this output controls a phase to neutral capacitor, which is at
phase 1, 2 or 3 respectively.

“3Ph”: this output controls a 3 phase capacitor.

For a Base Model RVT6/RVT12, only “Fixed OFF, Fixed ON and Enabled” are available
for the output status. An output need to be set “Enabled” before the controller switches on
or off a capacitor.

Some typical outputs setting for Three Phase Model RVT12-3P:

Typical setting one: 12 steps of single phase (phase to neutral) capacitors:

Dutputs

I
-
EER
]
|
|
=

[1]2]s]a]s]e]7]s]ol10f1112h % & &= 7 @ & J1]2[a]s]s]0]7[a[s w2/l % &k r: i@ 8
Figure 30: Typical outputs setting 12 x 1ph (Three phase model RVT12-3P)

Typical setting two: 6 steps of three phase capacitors + 6 steps of single phase (phase to
neutral) capacitors:
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|“ . Outputs

Dutputs
1

mnEnmE

2
3
4
5
b

Status
EL |
EL |
EL |
L
EZ |
T |
=

[7]8]o[t0/11/12/h #s k 7= Fy @ s': [1]2]3]a]6]6]7]|8/9 101112k #s K F+u A&
Figure 31: Typical outputs setting 6 x 3ph + 6 x 1ph (Three phase model RVT12-3P)

Delay

Click the button “Delay” on the screen shown in Figure 27, the user can set the bank
switching delays in following screen.

OM-Delay

OFF-Delay

Reset-Delay

[1]2]aJ4]s]e]7]a]o w1112/ # ¥ r: @A &
Figure 32: RVT delay settings
ON-Delay:

e in normal operation, it is the time between the demand to switch ON a step and
the actual switching.

e inintegral operation, it is the integration time between two switching decisions.

The ON-delay is needed to allow the capacitor to discharge before switching it ON.

Caution: short delay time could cause severe damages to the bank.

OFF Delay:

e in normal operation, it is the time between the demand to switch OFF a step and
the actual switching OFF.

e inintegral operation, OFF-Delay is not used.
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Reset Delay: the time the RVT waits before restarting bank operation after a power
outage.

Click the button “Control” on the screen shown in Figure 27, the user can set the CT
measurements and bank switching strategies in following screen.

_ Control [T [_r
1Ph/3rh 1Ph-1LL1 H oK

Lin./Circ.
Prog./Direct Progres,
MNormal/Int.

Bank settings Unlocked [ ]

[1]2]aJa]s]e[7]8]o1w0f1112h s ¥ Fr< @ 8

Figure 33: RVT bank control settings
1Ph/3Ph
This setting defines the type of connection for the current measurements. RVT allows

eight different CT connection topologies based on the type of network (three phase three
wire network, three phase four wire network or single phase network (phase to phase):

One phase current measurement (available for both base mode RVT6/12 and RVT12-
3P):1Ph-1LL1, 3Ph-1LL1, 3Ph-1LN1,

Connection type
Hams Schematics

L2
1Phalll ::j

L1 H

L2
Whills s g

LhE

_._E|_
APh-1LHA _
_‘—

F4

36 — Measurements and Settings | Power Factor Controller RVT



Three phase current measurements (available only for three phase model RVT12-3P):

3Ph-3LL3, 3Ph-3LL2 (no neutral connection connected in the installation), 3Ph-3LN3,
3Ph-1LL3, 3Ph-1LN3.

L1
L2
La

M

W

3Ph-3LL3

3Ph3lle 2 3_.:]_'_5

IPh-3LN3

Cr
P =

3Ph-1LL3 L3

E1 S TH RS i I

Detailed instruction of the connection can be found in A7. CT connection type illustration
and CT wiring on the controller terminals in the appendix section at the end of this
manual.

Definition of above type of connections:

3Ph—3LN3

1: one CT connection, 2: two CTs connections, 3: three CTs connections

LN: V measurement between L and N, LL V measurement between phases

1: one V measurement, 3: three V measurements

1Ph: single phase network (L-N or L-L), 3Ph: three phase network

NOTE: L refers to Line, N refers to Neutral

Linear / Circular (Lin./Circ. on the screen)
Linear switching follows the "first in, last out" switching principle.
Circular switching follows the “first in, first out” switching principle.
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Both operations are described in the following table.

Circular switching increases the lifetime of capacitors and contactors by balancing the
stress among all the outputs.

In case of “double first step” (1:1:2:2:..., 1:1:2:4:4.,...), the circularity applies to the first

two outputs and also on the outputs of higher value.

Linear

Cl C2 C3 (4 Cl1 Ci12

+ 4 4 4 S
Sequence 1 1 1 1 1 1

m O O O l [
AR B O 0O ] ]
AR B B O l O
' H ® O O L] L]
| ®m O 0O 0O l L]
Circular

Cl C2z2 C3 (4 Cl1 Ci12

+ 4 4 +
Sequence 1 1 1 1 1 1

m [0 0O O ] ]
AR B O 0O ] l
AR B B O H O
| O m ®m O ] ]
(O O m 0O O O

2 Demand for adding a step

A Demand for removing a step

B Output closed
O Output open

Progressive / Direct (Prog./Direct on the screen)

Progressive operation switches the steps sequentially one by one, based on ON-Delay

value.

Direct operation switches the biggest steps first then the other steps with a fixed delay of
12s, to reach the target cos ¢ faster.

The direct mode allows avoiding many useless intermediary switchings.

Progressive

C1 C2 C3 (4
W+ 4
Sequence | 2 4 4
B O 0O O
A2\/0 m O 0O
Al B O O
A0 0O m O

Q(kvar)

Target cos @
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C10ON CZON
C10FF

C2 0N
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v

C3 0N
C2 OFF
C10FF



Direct

Q(kvar) A
Target cos @
Tl CZ (3 4
+ 4 4
Sequence | 2 4 4 -"-
O o o0
A0 O m O

Normal / Integral (Normal/Int. on the screen)

Normal operation: switches the steps when the demand is continuously present for the
whole switching delay time.

Integral operation: switches the steps according to averaged value of the requested
reactive power.

Integral operation is useful for applications where the load is varying rapidly.

AQ Integral = @ + O +§

sl S witching on one step

< > Normal = @ no step
I Switching| >

e fime § no step

—) No switching

Bank setting protection (Software lock)

The bank settings can be protected from unauthorized access by both hardware and
software. The hardware protection is described in 3.1.4. The following screen illustrates
how the software lock works. The path to screen shown in Figure 34:

Start screen = Settings = Manual settings = Bank settings =» Control.
[“ Control 5 | X
-

1Ph/3Ph

Lin./Circ.
Prog./Direct Progres.
Mormal,/ Int.

Bank settings Unlocked

(1]2]3]a]s[e|7[8le/10/1112% % L' < A 8

Figure 34: RVT bank settings protection: not protected
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To lock the bank setting, tick the “Bank settings Unclock” box, then the screen turns into
following one as shown in Figure 35.

1. The bank setting fields become grey

2. “Bank settings Unlocked” became “Bank settings Locked

3. On the status bar, the soft lock icon activated: ﬂ
[“ Control |_?_ [_x_
The controller is

1Ph/3Ph 1Ph-1LL1 = oK 7 locked by
Lin./Circ. Linear | software.

p— 7
Prog./Direct Progres. |4

Normal/Int. Mormal I

Bank settings Locked w4

(1]2]aJa]s]e[7[a]9[10/11[12]lw ¢ ¥ r:Fs @ (8

Figure 35: RVT bank settings protection: protected

4.2.1.2 Installation settings
Start screen-> Settings-> Manual settings-> installation settings

RVT installation settings give instructions on how to set CT related parameters.

|“ Installation set. [_?_ [_R_ m Installation set. [_-_,_ [_x_

CT scaling 300.00 K" RedirectcTL1 |LI B "OoK"
C/k 3Ph (100 | Redirect 113 [N

Phase shift 90.00 Phase Rotation m

[1]2]aJa]s]e[7][a[a1wl11/12/l #s ¥ <7 8 @ 1[2]3]a]s]s[7[a(o[1w/11/12/h s F - DB
Figure 36: RVT installation settings

CT scaling: current transformer ratio.
Example: a 250A / 5A CT has a CT Scaling of 50.

C/k: starting current of the RVT Controller. It is usually set equal to 2/3 of the current of
the capacitor step (Qstep) (see paragraph 4.2.1.1.)

It represents the threshold current value for the RVT to switch ON or OFF a capacitor
step. The C/k can be programmed from 0.01 to 5.
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The following example shows the effect of a too low C/k value and how it can lead to
useless switching:

kvar C/k too low kvar Correct C/k
Qlkvar) Qkvar)

Target cos @ f Target cos @ 1‘

F

=
Useless
switching
L 4+ | 4+ | 4+ - 4 | -] e -

[ A A RN TR T

C1ON C20NM C3OM G4ON C4OFF GAON G4 OFF CiON GC2ZON GC3ION c4aN

A too high C/k value will lead to insufficient capacitor steps being switched ON in order to
reach the target cos o.

The recommended setting of C/k can be calculated by the following formula or can be
read directly in the table below.

Formula
Three phase network single phase (L-L or L-N) network
C/k = 0.67 x . 9step x 1000 Clh — 0.67 . 0step x 1000
N3 x Vnom x CTscaling Vnom x CTscaling

Table 2: Clk table for a 3-phase balanced 400V system

Capacitor step rating (kvar)

CT ratio K

5 10 15 20 30 40 50 60 70 90 100 120
10/1 50/5 10 048 097 145 193290 3.874.84
201 100/5 20 024 048 0.73 097 145 193 :242 290 3.38 4.35 4.84
30/1 150/5 30 0.16 032 048 064 097 129 1.61:193 2.26:290 3.22 3.87
40/1 200/5 40 012 024 036 048 073 097 1.21:145 1.69:218 242 290
60/1 300/5 |60 |0.080.16 024032048 064081097113 |145{1.61|1.93
80/1 400/5 80 ' 0.06: 012012 024 0.36 048 0.60 0.73 085 1.09 1.21 1.45
100/1 500/5 100 : 0.05 1 0.10 : 0.15  0.19: 0.29 1 0.39 048 { 0.58 : 0.68 | 0.87 | 0.97 | 1.16
120/1 600/5 120  0.04 0.08 0.12 0.16  0.24 0.32 040048 0.56  0.73 0.81 | 0.97
160/1 800/5 160 : 0.03 : 0.06 : 0.09  0.12: 0.18 1 0.24 0.30: 0.36 : 0.42 . 0.54 | 0.60 | 0.73
200/1 1000/5 : 200  0.02 : 0.05: 0.07 0.10  0.15:0.19 : 0.24  0.29 : 0.34 | 0.44  0.48  0.58
300/1 1500/5 300 0.02 0.03 0.05 0.06 0.10 0.13 0.16:0.19 0.23:0.29 0.30 : 0.39
400/1 2000/5 400  0.01 . 0.02  0.04 : 0.05 0.07 i 0.10 0.12; 0.15; 0.17 ; 0.22 . 0.23 ; 0.29
600/1 3000/5 600 0.01 0.02 0.02:0.03 0.05:0.06 0.08: 010 0.11 015 0.15 0.19

Note:

For RVT12-3P, two C/k are available: C/k 1ph and C/k 3ph; RVT6/RVT12 has only C/k
available.

C/k 3ph (or C/k) is applicable for installation with one, two or three CT (three phase
balanced network); C/k 1ph is applicable for installation with three CTs (unbalanced three
phase network). It is assumed that, for an unbalanced three phase network, a uniform C/k
1ph is used for three individual single phase capacitor switching.

It is assumed that all CTs connected to RVT12-3P (two or three CTs under different

connection types) have the same ratio. However, the minimal step for single phase
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capacitor and three phase capacitor could be different; this entails two different C/k
values for RVT.

Phase shift (applicable to base model only): phase shift between voltage and current
introduced by the measurement connection.

If the RVT is connected as shown on the connection diagram described in paragraph 2.3,
the phase shift value is 90° (default setting).

For other connection, the phase shift to be programmed can be selected from the tables
in the appendix A6.

Please note that the RVT can adapt automatically the phase shift during automatic
commissioning.

4.21.3 User settings

Start screen-> Settings-> Manual settings-> user settings

User Settings allows the users to set different target power factors and alarm delays.
m User settings [T [_g_ [“ User settings [T [_g_
“oK"

Night COS ¥ mﬁ- | Disabled
Reg.COS m | Disabled

Target COS ¥ 0.98 S

alarm Cos ¥ m i ?

Alarm delay

Reg. night COS m_

Alarm rst del.

[1]2]a]4]s]e[7]a]o10[11/12/ % ¥ =< /(D /&
Figure 37: RVT user settings

[1]2]aa]s]e[7[8o[10[11/12/h # - 8

Target cos o: target displacement power factor.

The target cos ¢ value can be set between 0.70 inductive and 0.70 capacitive.
Jif indicates an inductive cos ¢ and 4k indicates a capacitive cos ¢.

Night cos o: alternative displacement power factor (disabled by default).

Switching from the target cos ¢ to the target night cos ¢ is performed with an external
signal applied on the external digital input IN 1 +/- (description in paragraph 2.3).

[“ User settings b ] [_R_
"oK"

Night COS ¥ _ d. [ Enabled

Reg. COS ¥ E Enabled
Reg. night COS ¥ _ )78

(1]2]3]a]s]e|7[8le1w0/11/12'h ¢ L r< A (8

Figure 38: RVT user settings: enable night and reg. power factor

42 — Measurements and Settings | Power Factor Controller RVT



Reg. cos o: alternative target displacement power factor. Activated when power flow is
reversed: P < 0 (disabled by default).

Alarm: alarm relay parameters can be set for the Alarm cos ¢ condition:
The Alarm cos ¢ condition is fulfilled when: all the capacitor steps are ON and the actual

cos ¢ value is below the alarm cos ¢ threshold value such that at least one step is
needed.

e Alarm delay: duration of alarm cos ¢ condition before the relay closes.

o Alarm reset delay: delay time before the relay opens after the alarm condition
has disappeared.

e Alarm cos o: threshold value

4.21.4 Protections and warnings
Start screen-> Settings-> Manual settings-> proté&warn.

RVT will activate certain actions when some system values exceeding certain thresholds.
Protection level is harsher than warning ones.

[w Protect./Warn. '

[1]2]a]a]s[e]7]s[o 101112 % & ¢« s W S

Figure 39: RVT protections and warning settings

4.21.4.1 Protections

[“ Protections

¥ min prot. a0.00

¥ max prot. Disabled
¥ max prot. 480.00

THDY max prokt. e

¥ min prot.

Disabled

¥
I ¥
THDY max prot. lm_ LS
Ext. prot.
Irms.Max.Prot  [IETITRITN) A Ext. prot. Disconnection and alarm

Irms.Max.Prot  [sFEs s

[1]2]3Ja]s]e[7]a[ol10[11/12h s ¥ r< 7 8 @ 1]2][3]a]s]e[7[a]o10/11l12h % ¥ ¢« T [ 8
Figure 40: RVT protection settings

Protection levels: To set the levels of protection against under-voltage, over-voltage,
prohibitive harmonics, max. Irms current protection; it also enables an external protection
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initiated by the opto-isolated input 2. The alarm relay provides one NO and one NC
contact.

Once a protection level is reached, the following actions occur:
o all the capacitor steps are switched off
e an alarm message appears on the display

o the alarm relay is activated ( NO opens / NC closes )

e theicon E is highlighted

Note: if the external input signal IN2 (description in paragraph 2.3) is activated, all
capacitor steps are switched off and the Ext. prot. parameter drives the behavior of the
alarm relay:

¢ Disconnection and alarm
e Disconnection only (no alarm)

After the event has disappeared, the RVT will restart its normal operation after a certain
delay time. This delay time depends on the type of events. RVT post alarm restarting
procedure is described in detail in Appendix A4.

Note: when enabled, the external protection (Ext. Prot.) may be activated by applying an
external signal through the RVT digital input 2 (see paragraph 1.3).

4.21.4.2 Warnings

Warnings level are basically will be lower than protection levels. When a warning level is
reached, following actions will occur:

o the fan/warning relay is activated: the NO contact will close

e theicon D is highlighted

|'- Warnings
¥ min warn. 100.00

¥
¥ max warn. v
THDY max warn. %o
Irms.Max.warn A

Warnings [

¥ min warn. Disabled B

¥ max warn. Disabled bl

THDY max warn. [sEE == -
Irms.Max.warn [pEE = -

[1]2]a]4]s[a][7]a]o[tof11/12/h #s L' r- 7/ ) S @ 1]2]3]4][s]s]7[8]0[10/1n12h ¢ ¥ r- 7 S
Figure 41: RVT warning settings

4.2.1.4.3 Temp protections

RVT provides 8 bank temperature protections by eight temperature probes. Each
temperature probe protection level can be set independently. When any one of the eight
the temperature protection levels is reached.

44 — Measurements and Settings | Power Factor Controller RVT



e all the capacitor steps are switched off
e an alarm message appears on the display

e the alarm relay is activated ( NO opens / NC closes )

and E are highlighted

[“ Temp.Prot [_?_ [_r m Temp.Prot [_?_ [_R_
T1 max prot.
oK

e theicons

T1 max prot. Enabled
T2 max prot. T2 max prot. Disabled
T3 max prot. T3 max prot. Enabled
T4 max prot. T4 max prot. Disabled
T5 max prot. T5 max prot. Disabled

TE max prot. T6 max prot. Enabled [~ |

T7 max prot. Enabled *
T8 max prot. Enabled b

[1]2]a]a]s]e[7[aof1011/12/m % ¥ r« 7 ) & QM 1]2]a]a[s][s[7]8]ol10/11j12% ¢ ¥ <% &
Figure 42: RVT temperature protection settings

T7 max prot.

T8 max prot.

4.21.44 Temp warnings

RVT provides 8 bank temperature warnings by eight temperature probes. Each
temperature probe warning level can be set independently. When any one of the eight
temperature warning level is reached.

o the fan / warning relay will be activated: the NO contact will close

e theicon

[Wode

T1 start fan

is highlighted

.
3
i

Temp.Warn |_?_ [_!_

T1 start fan
.ur T2 start fan “oK”
T3 start fan Enabled |
T4 stark fan
T5 start fan
T6 stark Fan
=

T2 start fFan
T3 start fFan
T4 start fan
T5 start fan
TG start fan
T7 start fan

T7 start fan Enabled
T8 start fan Enabled -

T& start fan

T
- (

2 ]

= =

o

o

=

[1]2]a]a]s]e]7]ale1w0/1112/% #+ ¥ F« Fi S @ 1]2]3]a]s]e]7]8]o]1w0/11)12'h #s K r< P 8
Figure 43: RVT temperature warning settings

Note 1: the RVT is self-protected against an internal over-temperature of 85°C. The
actions described above will occur when the internal temp exceeds this protection level.

The RVT will restart automatically when the internal temperature falls back below 80°C.

Note 2: the temperature protection levels are disabled by default. When a level is
entered, the RVT checks one of the eight probe connections.

4.2.1.5 Restore default settings

Start screen->Settings->Manual settings->restore default set.
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m Restore default set. [—?—" X | |w Restore default set. [ g |

WARNING:
The following operation can not be undone,
important parameters ¥alues may be lost.

Are you sure you want to restore
default settings ?

Press OK to confirm
Press close to cancel

(1]2]a]a]6]6]7]8]0f0/11/12'h #+ L a8 6 7|8|o/10/11/12'h *» F F« A S

m Restore default set. [_?_ [T

R re default sek,

Defaulk settings restored

o]

[1]2]a]a]s[e[7[8[9 101112k s L r a8
Figure
44: RVT restore default settings

By selecting and validating the “Restore default set.” item, all the values of the RVT
parameters are reset to their default values (see separate document joined with the
RVT), except if the bank settings item is locked, in that case the bank settings are not
changed.

Warning: important parameters may be lost.

Comment: before restoring default settings, please make sure that:
e RVT is unlocked (description in paragraphs 3.1.4 and 4.2.1.1)
e RVTis in SET mode (description in paragraph 3.1.2.)

4.2.2 Commissioning (SET mode)
This sub-menu allows the user to do a complete automatic commissioning or a guided
commissioning of the controller.

[w Commissioning 5 X

[1]2]3Ja[s[e][7[a[afw0/11/1z2h % L' r« (8
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4221

Automatic Commissioning

i

Please refer to section 3.3 for more details.

4.2.2.2 Guided Commissioning

T

The RVT performs a guided commissioning process. The following parameters (see table
below) must be entered.

Note:

Before performing guided commissioning, please make sure that:

1. RVT is unlocked (description in paragraphs 3.1.4 and 4.2.1.1)

2. RVTis in SET mode (description in paragraph 3.1.2.)

3. if you have a short-circuit on the CT’s secondary winding do not forget to open it
after having connected the current input of the PF Controller.

Guided commissioning (parameters to set)

Parameter

Description

1Ph / 3Ph

Bank connection type and RVT measurement connection

Phase rotation

Check phase rotation

C.T. scaling

Current Transformer ratio.

CT redirection

Redirect CT inputs in case of CT’s placed on wrong phase

Phase shift Phase shift between voltage and current introduced by the
measurement connections. The phase shift is 90° (default setting)
when the RVT is connected as shown on wiring diagram (see
paragraph 2.3). For other connections, please see appendix A.5.

V scaling External voltage transformer ratio.

V nom Nominal bank voltage.

ON-Delay Switching ON delay time.

OFF-Delay Switching OFF delay time.

Sequence Relative reactive power value of each output.

Q step Smallest reactive power difference between steps.

C/k Set the starting current

Target cos ¢

Target displacement power factor.

4.2.2.3 T Probes commissioning

e

RVT can connect up to eight temperature probes in a daisy chain. Each probe needs to
be commissioned as following procedures before it can be used.

Each probe has to be recognized one by one:

e connect the probe to the temperature probe input (one probe only)

e click on a row to assign a probe number
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e click on the “Start” button

e the RVT recognize automatically the probe address

e restart the same procedure for each probe

When one of the probes has a problem, it can be cleared by clicking the clear button.

A unique address will be assigned to each activated probe after the recognition
completes.

1] T Probe recognition 1 ! |"-'r

121212120 202{025 251|51 (1

T2 Probe recognition success

[1]2]3]a]s]e]7]a]o[10f11/12]l % k' F= % [0 &
Figure 45: Temperature probe auto recognition

e Connect each probe successively :

ABB

.
weipst]

T

4.3 Bank Monitoring

RVT bank monitoring gives user the access to the diagnosis, alarm logging, test function

and a real time clock (only the three phase model RVT12-3P has the real time clock).
This makes a very helpful diagnostic tool.
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Bank monitoring

m Alarm logging
———

(1]2][3]4]5]e[7]8[o[10/11/12h % § ¢« [y @ &

Figure 46: Bank monitoring

4.3.1 Diagnosis

Lists the number of operations of each output capacitor relay since the RVT was
manufactured.

"
. Diagnosis J

[“ Diagnosis |_?_ [_r

Cukbput by Dperations
863
456
385
436
428
a7
422
386

WD 00 = LA ke ) )

6[7/a(of1w112h % V-8
Bt L ra

Figure 47: Bank monitoring diagnosis

4.3.2 Test function

-
. Test function J

This sub-menu allows the user to test each relay of the RVT.
Test alarm: allows testing of the alarm relay
Test fan: allows testing of the fan/warning relay

Test outputs: allows testing of each output capacitor relay (the RVT will take care of the
programmed switching delays)
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[w Test function - | X |

Test alarm B Open

Bl Open

“OK"

Figure 48: Bank monitoring test function

m Test outputs ] X [w Test outputs > X

Outputs Outputs

1 Open
Open
Open
Open

Open

2
3
4
5
b DOpen

(1]2]a]a]8]6]7]8 0 101112k %4 &« fu A & [7]sfoft011/12h % K P 8

Figure 49: Bank monitoring test outputs

Click on the check box to switch ON/OFF the corresponding relay

[ﬂ Test outputs [_?_ [T [“ Test outputs [_?_ [T

Dukputs Outputs

1 Open 1 Open

Open

Switching... !

Open

Open

Closed !
Open

Open Open

2 P
3 3
4 4
5 5
6 6

Open Open

| N N B<N B |
EEENRNEN

[1]2]aJ4]s]e[7|a]o10/11/12/% s ¥ r= ) & @ 1]2][3]a]s]e|7[a[o1w0/11/12h *s Fr-Fu &
Before proceeding to the test functions, please make sure that:

e RVT is unlocked (description in paragraphs 3.1.4 and 4.2.1.1)
e RVT is in SET mode (description in paragraph 3.1.2.)

4.3.3 Alarm logging

hl Alarm.luggini J

The alarm logging displays the last five alarm messages with a real time stamp.
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[Mode Alarm logging rd X

Vrms too high.
2010/3/30 13:43:23

External temp. too high

2010/7/21 5:12:34

No alarm logged

Mo alarm logged
Mo alarm logged

[1]2]aJa]s]e[7[ae10/11/12/h ¢ L' r- D &

Figure 50: Bank monitoring alarm logging

4.3.4 Real time clock

-
i Real Time Clock J

[w Real Time Clock 5 X
Year -Ur

Month
Day
Hour
Minutes

Seconds

[1]2]aJa]s]e[7]a]oj10/11/12h s Fr«Fu [ (8

Figure 51: RVT real time clock

The real time clock continues to run even when the RVT is not connected to the power.

4.4 Communications
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Communication F !

[1]2]3]a]s[e]7[a|o10/11/12/h #s L 7 [ s

RVT provides a variety of communications methods. In this main menu, it includes the
language setting, temp unit setting, screen configuration and settings for Ethernet,
Modbus. More information regarding the Modbus, USB and TCP/IP protocol and
programming, please refer to manual: 2GCS213013A0050_RVT communication through
Modbus, USB or TCPIP protocol.

RS485 /| Modbus Adapter

The Modbus adapter is an optional device for the Power Factor Controller RVT which
enables the connection of the RVT to a RS485 Modbus system. The controller is
considered as a slave unit in the Modbus network.

Refer to the 2GCS214013A0050-RVT Modbus RS485 adapter-User guide for more
information on the RS485 Modbus Adapter.

Fixing screw

o
57 mm o TX —RX led’s

35 mm

Screwed terminal for bus

Resistor cable connection
termination
switch

T ¥y L
Extra depth to
the controller
max. 10mm

48 mm
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Be careful that the RS485 MODBUS ADAPTER is the one with a m text
colour (3.3V power supply).

The one with a [ikkkbiis text colour is reserved for the old model (5V power supply).

That means: the new Modbus adapter is not compatible to the old RVT; and the old
Modbus adapter cannot be connected to the new RVT (with touch screen).

R R

MODBUS ADAPTER

Sn: 0004
2GCAZB18B0A0050

C€E
VY
~ &

LOAD SWITCH

Tx

ZO--»roa-

Ethernet / TCP/IP

TCP/IP connections can be indifferently initiated locally or remotely.
The TCP port used by default is 4250.

The connection to the RVT is an RJ45 Cat5e Ethernet cable.

The RVT can be connected directly to a LAN or through Internet.
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usB
The USB interface is used to present the RVT as a serial interface on its USB port.

The computer is connected through a USB-A male to USB-Mini B male.

.
-

Caution: The USB connection to the RVT is not isolated. It is mandatory to
connect the protective EARTH connection when using the USB.

54 — Measurements and Settings | Power Factor Controller RVT



[}

Coteme = M\ —= R R R =
|

[ RS485 Modbus Adagter 1 —

1 — N0_¢_"h_
”,T 15-24Vacide N
S
— FANZ
CAT I
ETHERKET

£
LOCK i o
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4.4.1 1/0O configuration

|‘“ I/0 Configuration ' E | X i

e[7[alotof11/12'h % Fr«fy @8

Figure 52: RVT I/O configuration

4.41.1 Set languages

Five different languages may be selected to dialog with the RVT.

The user should come back to the main menu so that the selected language is activated.
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[Wode Set language 2 X

English

Francais
Deutsch

Espaiiol

IR

[1]2]a]4]s]e]7]e]o[w0/1112/h % F r< @ &

Figure 53: RVT language selection

4.4.1.2 Temp unit

e

This menu provides two temperature units: Celsius and Fahrenheit.

The selected unit will be applicable in all other temperature measurements or settings.

Temp. unit |'T |T |'“ Temp. unit |'T |T

[1]2]3]a]6]e]7[8]9]10/11[12[T € L £+ T

[4]6]e[7]a]oft0f11/12/% ¢ ¥ e WD 8

4.4.1.3 Communications settings

e seens

Modbus and Ethernet connections have to be configured to run properly.

[ﬂ Com. settings |'_?' ['T

Communication unlocked -

el7/elof10i1112h % L - fy A 8

Figure 54: RVT communications protocol setting
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[“ Modbus 5
Slave address _

Baud rate

Parity

Stop bit

“oK"

[1]2]aJa]s]e]7[al91w0/11/12h % L' F< i [ (8

Figure 55: RVT Modbus protocol setting

The slave address is the one used by the Modbus master to address the RVT through
Modbus.

Baud rate, Parity, Stop bit shall match exactly the communication settings of the Modbus
master which controls the RS485 / Modbus network.

The RVT needs an IP address to be connected directly to a PC or to an Ethernet
network.

This IP address may be fixed and entered manually if DHCP is disabled. The default
address is 192.168.1.40.

In case the IP address is given automatically by a gateway or Ethernet LAN , set DHCP
to enabled.

Some examples are given below :

Example 1 : The below screen shows the default settings to connect directly to a PC (
note that the PC need to be configured accordingly with a fixed IP address of
192.168.1.1, Subnet mask of 255.255.255.0 , DHCP disabled )

[Wode Ethernet settings [ T

Static IP address

192|168 1 |40 |

Static IP Mask

ENENENI

Skatic GYW IP

Disabled
o _Jo fo Jo | B

[FOK™

[1]2]3]a]s[e]7[a|o10/11/12/h #s L 7 [ s

Figure 56: RVT TCPIIP protocol setting
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Example 2 : The below screen shows the default settings to connect to an Ethernet
network ( note that the PC which is also connected to the LAN has its own IP address
given by the network with DHCP enabled )

[Wode Ethernet settings [ T

Static IP address

Static IP Mask

[255 [ 255 [2% [0 |

Skatic GYW IP

Enabled
255 [255 [255 [0 |

DHCP Client

[FOK™

[1]2]3]a]s[e]7[a|o10/11/12/h #s L 7 [ s

Details about the communication settings can be found in the manual:
2GCS213013A0050_RVT communication through Modbus, USB or TCPIP protocol.

Reboot the RVT to initialize it with these parameters.

4.4.2 Ethernet configurations

stienet o ]

This menu displays the actual RVT IP address, mask address and gateway IP address.

Depending on the DHCP status, the displayed data may be different.
The below screens give the result for the above Example 1 and 2:

Example 1 : The below screen shows the actual IP address fixed with DHCP disabled.

[Mode Ethernet config. ?[X"

Static IP address

192 [168 |1 40

Skatic IP Mask

[255 (256 (2% [0

Skatic GYY IP

[1]2]a]4a]s][e[7|a8[o/10/11/12h #*s F'Fr- &

Example 2 : The below screen shows the actual settings resulting from the automatic 1P
address resolution with DHCP enabled.
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[Wode Ethernet config. e &

Static IP address

[0 [ [20 (23

Static IP Mask

[255 [255 [2% [0 |

Skatic GYW IP

[1]2]3]a]s[e]7[a|o10/11/12/h #s L 7 [ s

4.4.3 Screen configuration

e

This menu helps the user to adjust the touch screen XY coordinates and the backlight
brightness.

[“ Screen config. 5 [_r

L fouchscreen ol g
ﬁ

[1]2]a]4a]s][e[7|a8[o/10/11/12h #*s F'Fr- &

The touch screen calibration is normally not needed in a reasonable use of the screen
and in standard environmental conditions.

To prevent loss of the touch screen interface, the possibility is meanwhile given to the
user to manually calibrate the XY coordinates necessary to detect button activation.

Warning: Touch screen calibration has to be done carefully with a pen or a stylus
in order to accurately mark and detect the calibration points!

Press here
{upper left position)

Runtime calibration, Runtime calibration,
please touch the screen please touch the screen
at the center of the ring. at the center of the ring.

Press here
{lower right position)

The backlight adjustment menu set the default backlight intensity when the touch screen
is used. After 10 minutes of touch screen inactivity, the backlight intensity returns to 10%.
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[w Backlight IT |T

Backlight percentage u I [

(1]2]|3fa|s|e[7[a|o/10/11/12% *s F FA D (8

4.4.4 About

——

This menu gives RVT software version, serial num, article num and type.

[“ About RYT IT |T

Serial N\umber 123456

Article Number 2GCA 2917272 A00 50
R¥T Type R¥T12-3P

Software version ¥1: 26
¥z2: 1
¥3: 11
¥a: 1

(1]2]a]a]s[8[7]a[o 101112/

4.4.5 Mac Address
This menu displays the RVT physical MAC address.

[w MAC address ? X

MAC address

122 3 Wioo [ 26 J 30 125

(1]2]|3fa|s|e[7[a|o/10/11/12% *s F FA D (8
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Appendices

A1. Dimensions
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A2. Technical specifications

RVT types:
Feature RVT 6 /RVT 12 RVT 12-3P
1/ 3 phase measurements 1 Voltage measurement input 3 Voltage measurement inputs
1 Current measurement input 3 Current measurement inputs
Real Time Clock No Yes
Energy Measurements No Yes
Ethernet connection No Yes
USB host connection No Yes
USB device connection Yes Yes
Digital inputs Yes Yes
Alarm / Fan relays Yes Yes
Output relays 6or12 12
Lock switch Yes Yes
RS485 Modbus connection Yes Yes
External temperature probes Yes Yes
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Measuring system:

Micro-processor system for balanced three-phase/single-phase networks and unbalanced
network. Individual phase power factor control is available.

Supply voltage:
From 100Vac up to 460Vac.
Consumption:
15 VA max.
Connection type:
Phase-phase or phase-neutral for balanced and unbalanced network
Voltage tolerance:
1 10% on indicated supply voltages.
Measurement category (according IEC 61010-1) :
CAT Il
Voltage measurement:
Up to 690Vac or higher with a voltage transformer.
Accuracy: 1% full scale
Frequency range:
45 or 65 Hz (automatic adjustments to network frequency).
Current input:
5A or 1A (RMS) ( class1 C.T.).
Current input impedance:
< 0.1 Ohm.
Power outage release:
Automatic disconnection of all capacitors in case of a power outage longer than 20ms.
Number of outputs:
RVT6/RVT12 Base Model: programmable up to 6 or 12 outputs
RVT12-3P Three Phase Model: programmable up to 12 outputs
Output contact rating:
e Max. continuous current: 1.5A (ac) — 0.3A (110V dc).
e Max. peak current: 8A
e Max. voltage: 440 Vac.
e Terminal A-A are rated for a continuous current of 18A (9A/terminal).
Alarm contact rating: (voltage free contact)
e One normally closed contact and one normally open contact.
e Max. continuous current: 1.5A (ac).
e Rated voltage: 250Vac (max. breaking voltage: 440Vac).

Fan contact rating: (voltage free contact)
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¢ Normally open contact.

e Max. continuous current: 1.5A (ac).

e Rated voltage: 250Vac (max. breaking voltage: 440Vac).
Power factor setting:
From 0.7 inductive to 0.7 capacitive.
Starting current setting (C/k):

e 0.01to5A.

e automatic measurement of C/k.

Switching sequences:

1:2:4:8:8:..:8 - 1:1:2:2:2:..:2 - 1:1:2:4:4:..:4
1:1:2:4:8:..:8 - 1:2:3:3:3:..:3 - 1:2:3:6:6:..:6
1:1:2:3:3:..:3 - 1:1:2:3:6:..
and any other customer programmable sequence.
10/100 Base-T Ethernet connection
Connection to a PC or a LAN through TCP/IP protocol
Electrical isolation between RVT and the RJ45 signals: 1500Vrms
Modbus baud rate:
300 - 600 - 1200 - 2400 - 4800 - 9600 - 19200 - 38400 — 57600 bps
CAN connection:
Support CAN 2.0B interface (for future use)
USB host connection:
(for future use)
USB device connection
Temperature probe input connection
Only 2 contacts using 1-wire protocol
= Parasitic supply mode ( no need of external power supply )
= Connection to more nodes in a daisy chain network
= 8 temperature probes connection
= 8 meters maximum between RVT to temperature probe or between probes
= 64 meters maximum length
= Measures temperatures from -55°C to +125°C (-67°F to +257°F)
= +/-0.5°C accuracy from -10°C to +85°C
=  DIN rail mounting

= Connection to the RVT using a 2 wires , twisted pair Category 1
telecommunication cable

Step configuration:

Auto, fixed, disabled.
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Display:

QVGA 320 x 240 pixels colorful touch-screen.

Adjustable display backlighting

Switching time between steps:

Programmable from 1s to 18h.

Saving-function:

All programmed parameters and modes are saved in a non-volatile memory.
Auto adaptation to the connection and phase-rotation of the network.
Auto adaptation to the CT-terminals.

Power Factor correction operation is insensitive to the presence of harmonics.
Working with passive and regenerative loads (four-quadrant operation).
Operating temperature:

-20° C to 70° C.

Storage temperature:

- 30° C to 85° C.

Mounting position:

Vertical panel mounting.

Dimensions:

Front plate: 146 x 146 mm (HxW)

Rear side: 205 x 135 mm

Overall dimensions: 146 x 211 x 67 mm (HxWxD)

Cut out dimensions: 138 x 138 mm (H x W)

Weight:

650g (unpacked).

Connector:

Cage clamp type (2.5mm? single core cable).

Front plate protection:

IP 43 (IP 54 on request).

Relative humidity:

Maximum 95%; non-condensing.

CE Marked.

A3. Testing and troubleshooting
Testing

After installation of the automatic capacitor bank and programming of the switching
parameters, the following tests can be performed depending on load situation.

A. No load or cos ¢ =1 or capacitive load (set desired cos ¢ to 0.95 ind.)

1. Select manual mode
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2. Add two or more steps.
3. Select automatic mode.

All capacitor steps must be switched off with the programmed delay time
between each switching operation.

If all steps are not switched off, check the following:
e Has an inductive load been connected?
e Have the correct C/k ratio and/or step size been programmed?

(It is recommended that the C/k value be set to a value slightly higher than
the calculated value)

B. Inductive load
1. Set desired cos ¢ =1
2. Select automatic mode.

Capacitor steps will now be automatically switched on to compensate the
inductive load (the controller will not switch steps if the inductive current is
lower than the preset C/k value. In such a case, test according to A above).

If all steps are switched on and there is still a demand for additional steps,
then check the setting of C/k.

If it is correct, then the bank is too small to compensate the cos ¢ = 1. Select
a lower value for cos .

When one stage repeatedly switches on and off, it means the C/k is set too
low (unless the load actually fluctuates periodically with a time period equal to
or close to the switching delay time).

Troubleshooting

Faults Recommended actions

The controller is connected but does not Check the voltage setting and the fuses.
work (nothing on display)

The controller does not switch on or off steps | Check that the controller is in automatic Mode.
_althou_gh there is a considerable variable Check setting of phase shift and C/k.

inductive load.
Check that the CT short-circuit bridge is removed.

The controller does not seem to activate any | Wait for the delay time between switching and/or the
steps. power outage delay time.

The preset power factor is not achieved. At low or no load, a low power factor can correspond to a

very small inductive current. The corresponding capacitor
steps are too large for compensation. If the average cos

¢ over a period of time is too low, the preset cos ¢ may be
increased.

All capacitors are switched on although the Check setting of phase and C/k values.
required reactive power is relatively low.
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After the automatic commissioning stops and the controller displays one of the following

messages:

Messages during an automatic
commissioning process

Recommended actions

Phase rotation was detected to be wrong. L2
and L3 phases will be internally inverted.
Press OK to validate.

Press OK

Error: Step size too small

Adapt the step size or the CT ratio.

Error: CT not sensing any current

Check that the CT’s short-circuit bridges is removed, that
CT’s connections are correctly wired and start the Auto
commissioning again.

Error: Load changing too fast

Restart the Auto commissioning procedure under more
stable conditions or set the parameters manually.

Error: Too wide phase dispersion in input nr
XYz

For each CT input and for each output, phase recognition
is done and phase dispersion is checked.

Check capacitor and contactor connections.

Check capacitor currents for each phase.

Error: At least two CT input sensing the
same line current

Check CT’s installation

Error: No significant current in input nr
EX! (Y' (Z!

Check that CT’s short-circuit bridge is removed , that CT’s
connections are correctly wired and start the Auto
commissioning again

Error: Inconsistent phase shift

Check CT’s connections and installation.
Check capacitor and contactor connections.

Check capacitor currents for each phase.

Error: Unbalanced step or CT ratio different
in lines for output nr ‘A’ ‘B’ ‘C’ ‘D’...

Check that CT’s ratios are the same value.
Check capacitor and contactor connections.

Check capacitor currents for each phase.

Error: Too big step difference”

Check sequence and reactive power value per output.
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A4. Post Alarm Restarting Procedure

Once a protection level is reached (see paragraph 4.2.1.4.1) or when the internal

temperature is higher than

85°C:

e all the capacitor steps are switched off

e an alarm message appears on the LCD display

e the alarm relay opens

When the alarm condition disappears, the RVT will automatically restart.
The restarting procedure will depend on the type of event that caused the alarm, as
indicated in the following table:

Event having occurred

RVT restart behavior after event has disappeared

Urms < Umin prot

- Opens alarm relay immediately

- Resumes normal behavior after a time equal to ON-Delay(*)

Power outage

- Resumes normal behavior after a time equal to Reset-
delay(*)

Urms > U max prot.

- Opens alarm relay immediately

- Resumes normal behavior after a time equal to ON-Delay(*)

Temp internal > 85°C

- Event considered as disappeared, when Temp internal <
80°C

- Opens alarm relay immediately

- Resumes normal behavior after a time equal to ON-Delay(*)

One of the eight T probes temp > its max.
protection level

- Opens alarm relay immediately
(external optional probe T1-8)

- Resumes normal behavior after a time equal to ON-Delay(*)

THDV > THDV max prot.

- Opens alarm relay immediately.
- Resumes normal behavior after a time equal to ON-Delay(*).

Anti-hunting protection:
If the same event occurs within one hour, the RVT will resume
normal operation after a time equal to 2x ON-Delay.

If the same event occurs again within one hour, the restart
time will be doubled to 4 x ON-Delay, and so on up to a
maximum of one hour.

This rule allows a hunting effect due to resonance
phenomena to be avoided.

External input activated

- Opens alarm relay immediately.

- Restart normal behavior after a time equal to ON-Delay(*).

(*) For more information regarding the Reset-Delay and ON-delay parameters, a
complete description is available in paragraph 4.2.1.1.
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A5. Voltage measurement and power supply connection
This appendix provides a practical way to connect voltage measurement to the RVT when
it is the same as the RVT voltage supply.

Description

As shown on the Figure 57, the RVT has two terminals for its power supply and three
other terminals for its voltage measurement input.

The RVT does not use its power supply voltage to perform the voltage measurement.
Voltage measurement is performed only through the dedicated voltage measurement
input terminals.

If the RVT auxiliary power supply and the voltage measurement signal are from the same
source, a bridge between the corresponding terminals can be done:

Voltage supply
from 100Vac up to 460Vac

ddd s udEEm

SR I I I re

Figure 57: Terminals
Bridge connection (practical proposal)

Due to limited space, it is not possible to insert two cables in a single slot. Hence
alternate methods may be used to connect two wires to a common terminal.

Several practical ways exist to perform this connection properly. One of these solutions is
described on Figure 58.

On each voltage supply cable, a double entry terminal has to be used to insert a second
cable needed to make the bridge.

These terminals and the corresponding crimping tool are usually available worldwide.

Please note that with these terminals, cables of same diameter have to be used.
Two terminals have obviously to be used and the result is shown here below.

Figure 58: Bridge connection
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AG6. Phase shift table (applicable to Base Model)
Three-phase connection (Phase to Phase)

Voltage is measured between L2 and L3

L L1 8}
L1 L2 L2 Lz L3 L2
Direct L3 | LOAD 90 Direct L3 | LoAD -30 Direct L3 LOAD -150
RVT RVT RVT
L1 L1 L1
L1 L2 L2 L2 L3 L2
Inverted | 13 LOAD -90 Inverted | u [] LOAD 150 Inverted | 13 LOAD 30
L2) L3 k 2] 13] k L2) L3 k
RVT RVT RVT
Three-phase connection (Phase to Neutral)
Voltage is measured between L1 and Neutral
L1 L1 L1
L1 L2 L2 L2 L3 Lz
Direct L3 LOAD 0 Direct L3 LoAD -120 Direct L3 LOAD 120
[T E— FE o 1 R | . S N . [ E— N B P
wal ol el ol vl cal i
RVT RVT RVT
L1 L1 L1
L1 L2 L2 L2 - L3 L2
Inverted | w3 LOAD 180 Inverted | s [ LoAD 60 Inverted | w3 LOAD -60
RS 1 Y ) A % Y i RS 1 )
RVT RVT RVT
Single-Phase connection
L1 L1
L1 L2 L2 L2
Direct LOAD 0 Direct LOAD 180
L2l L3 k | L2| L3 K|><I|
RVT RVT
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A7. CT connection type illustration and CT wiring on the controller terminals

Connection type RVT 12-3P RVT6/RVT 12  Phase shift Voltages Currents Compensation type

Name Sch i C ion C i j L12 L23 L31 | LIN L2N L3N |L1 L2 L3 N | Full€3' Full C1* Mixed C3+C1

ne.  0° by default
K (see phase shift
: table)

1Ph-iLL1 ﬂ
L2 cT

K1 cT

an~cowa X
ad~couo

v —0— |
3Ph-1LL1 L3 3:

ae~cowo X
ae~coemn T

L1 MLz

L1

Ne.  0° by default
k (see phase shift
table)

o [ECp—
3Ph-1LNA = .

ML1 NC.

ML2 L2 ML2

ML3 ML3

N Ne.  90° by default

K1 cT X (see phase shift C - - - - - - - yes = .
" table)

2 nE

k3 N.C.

co~couunZ
co~casaz

L1
0° by default
(Adjust

- phase rotation
- CT redirection )

L3

3Ph-3LL3 yes yes yes

0° by default
(Adjust

" - phase rotation
k2 - CT redirection )

L1
3Ph-3LL2Z L2
L3

] yes yes yes

an-cova
co-couaZ
an-covaZ
co~o—co—uo0
co~w-—Cco-—u0
Ao mw—co=-20
can-~couaZ
an-~covamZ
G ~o—co=—-60

0° by default
(Adjust

1 - phase rotation
- CT redirection )

U _g el L3
L2
3Ph3LN3 3

(en)

—e
{en)

o

=

as~w-ca-vo
Qo -8 -—co-n0
a0 ~8~ca-80
as-~cowoz
as-~coaweZ
as-~camez
as-~comeZ
as-~coaseZ
as-~cawex
ce-~w-—ca-—no

[ m— S

L2
PRALLE 1 :Ij &

N 0° by default
k1 - (Adjust
" - CT redirection )

yes yes yes

ae~cume
a®-~ceowpae
as-~cewme
ad~cueo
a0 -~m—co—20

= &
WL UL oL L L ool el L ool
GERRK=ZZZEZZ
LRE
ap-coonZ
ae-~cooe X
ad~cuoe
as~p-—co-—w0
ap~p-—co-—00
a0 m®-—c0=-80
ap-~conoe®
ar-~cownZ
ap-~couen g
a@~m—co—b0

N 0° by default

—H— |~

PhaLNg B Lo | b » (Adjust
k2

- CT redirection )

yes yes yes

o
o
)
5]
as~covod

art-~covoeZ
ac-~covoeZ
a®-~cuvos T
ad~m—co—00
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A8. Individual phase power factor control (applicable for Three Phase Model RVT12-3P)

By default only the *12 outputs’ model is available for individual power factor control.

As in the base RVT, the PFC control in the three-phase RVT 12-3P is done by comparing
the C/k value to the fundamental reactive current measurement.

The control is done in different ways, based on the connection type (see A7. CT
connection type illustration and CT wiring on the controller terminals) and the type of the
output steps (single or three phase steps).

Taking the connection type notation (please refer to A7. CT connection type illustration
and CT wiring on the controller terminals)

wPh- xLyz where :
w determines a single or three phase network
X is the number of voltage measurements used
y determines Line to Line or Line to Neutral connection
z is the number of CT used
e wPh-1Ly1 control type (only one CT)

Basically, if only one CT is used, the control is done according the CT in phase L1 (or the
line where the CT is placed).

e 3Ph-xLy2 and 3Ph-xLy3 control type (2 or 3 CT)

If more than one CT is used, the control strategy follows a simple and efficient principle to
be able to handle all the outputs in a comprehensive way. The following strategy is
implemented:

Unbalanced network switching strategy:

o Wait for the switching delay time while calculating the reactive current in phases L1,
L2, and L3 according the Normal/Integral setting

o Evaluation of the minimum 3 phase outputs to be switched ON or OFF
o Evaluation of the single phase outputs to be switched ON or OFF

o If any block of single phase outputs (already ON and to be switched ON) can be
transferred to a three phase step then switch preferably a three phase output

o Switch ON or OFF according the Progressive/Direct, Linear/Circular settings
Some typical examples are given hereafter:
¢ 12 single phase capacitors / 1 CT (1Ph-1LL1 only)
->The control is done through the CT in the phase where it is placed

->C/k 3Ph parameter is used for steps switching (equivalent to C/k parameter in
base RVT6 or 12)

e 12 three phase capacitors /1 CT (3Ph-1Ly1 only)
->The control is done through the CT in the phase where it is placed

->C/k 3Ph parameter is used for steps switching (equivalent to C/k parameter in
base RVT6 or 12)

e 12 three phase capacitors /2 or 3 CT’s (3Ph-3LL2 or 3Ph-xLy3 only)
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—>The control is done through the CT1 in phase L1, CT2 in phase L2, CT3 in
phase L3

—>The control is done according the unbalanced network switching strategy
—>The C/k 3Ph parameter is used for three phase steps switching
e 4* 3 single phase capacitors connected between L-N /2 or 3 CT
(3Ph-3LL2 or 3Ph-xLy3 only)

—>The control is done through the CT1 in phase L1, CT2 in phase L2, CT3 in
phase L3

->The control is done according the unbalanced network switching strategy
>The C/k 1Ph parameter is used for single phase steps switching

¢ 6 three phase capacitors + 2 * 3 single phase capacitors connected between L-
N /2 or 3 CT (3Ph-3LL2 or 3Ph-xLy3 only)

->The control is done through the CT1 in phase L1, CT2 in phase L2, CT3 in
phase L3

->The control is done according the unbalanced network switching strategy
>The C/k 1Ph parameter is used for single phase steps switching

->The C/k 3Ph parameter is used for three phase steps switching

A9. Recycling

This marking shown on the product or its literature, indicates that it should not be
disposed with other household wastes at the end of its working life. To prevent possible
harm to the environment or human health from uncontrolled waste disposal, please
separate this from other types of wastes and recycle it responsibly to promote the
sustainable reuse of material resources.

Household users should contact either the retailer where they purchased this product, or
their local government office, for details of where and how they can take this item for
environmentally safe recycling.

Business users should contact their supplier and check the terms and conditions of the
purchase contract. This product should not be mixed with other commercial wastes for
disposal in accordance with the WEEE directive (waste electrical and electronic
equipment).

This product does not contain any hazardous substances and complies with RoHS
directive (Restriction of the Use of Certain Hazardous Substances).

Disposal of used batteries should be carried out in accordance with the national
regulations for the disposal of batteries (Battery Directive).

Electronic boards should be recycled according local regulation.
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Plastic enclosure and parts should be recycled separately.

This product contains a CR2032 Li-MnO2 cell battery. Do not replace the internal
CR2032 lithium battery. For recycling, it can be removed for disposal after opening the
plastic enclosure (4 screws at the back of the product).

A10. Additional provision on Open Source Software:
The product contains — in part — some free software (software licensed in a way that
ensures your freedom to run, copy, distribute, study, change and improve the software).
The following products are concerned : Linux-2.6.30.1 which is subject to "GNU General
Public License", Version 2, busybox-1.15.3 which is subject to "GNU General Public
License", Version 2, dropbear-0.48.1 which is subject to "GNU General Public License",
Version 2, iana-etc-2.20 which is subject to "GNU General Public License", Version 2,
mtd-utils-1.2.0 which is subject to "GNU General Public License", Version 2, u-boot-1.3.4
which is subject to "GNU General Public License", Version 2, ifplugd-0.28 which is
subject to "GNU General Public License", Version 2, AT91Bootstrap1.9 which is subject
to "GNU General Public License", Version 2, and uClibc v 0.9.29 which is subject "GNU
Lesser General Public License", Version 2.1,(purchaser or user shall not be prohibited to
modify libraries provided under Lesser General Public License (version 2.1) and/or to
reverse engineer such libraries for debugging such modifications).

These software products which are free (i.e., freedom-respecting — see
http://www.gnu.org/philosophy/free-sw.html for more details) software programs
developed by the Free Software Foundation, a separate not-for-profit organization. If we
distributed any of these free software programs to you, we want you to know that you
were granted a license to that software under the terms of either the GNU General Public
License or GNU Lesser General Public License (“Licenses”; copies of which are available
from http://www.gnu.org/licenses/licenses.html). The Licenses allow you to freely copy
modify and redistribute those softwares. Those softwares are available on http://search-
ext.abb.com/LibraryDownloadManager/Default.aspx?resource=http://www05.abb.com/glo
bal/scot/scot209.nsf/veritydisplay/96797337ffab5ad0c12578b0003db334/$file/2GCS7050
11A0050_RVT%200SS%20software.zip
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