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1. General

1.1 Safety

The following precautions must be taken into account when installing and operating the controller

The installation of the controller must be performed by a qualified electrician

Do not touch the connectors when the controller is energized, make surethaistheloperating
voltage is disconnected before touching any parts located on the rear side 6f,the controller

Do not open a live current circuit, this may cause dangerous overvoltages-%Always short circuit
the current transformer (CT) before replacing or removing the contrgller installed in a bank.

Do not open the controller casing, there are no user serviceable partsinside

External computing devices connected to the communication conneetor of Power Factor
Controller have to comply with the standard IEC 60950-1

For better understanding of the terminology used, please refertoithe Glossary (chapter 8) at the
end of this manual.

1.2 Environmental conditions

The controller is designed for the followings@nvironmental conditions:
- Indoor use

Altitude up to 2000 m
Ambient temperatures within 0°...+60%C

Maximum relative humidity 80 pefcentfor temperatures up to 31°C decreasing linearly to 50
percent relative humidity at 40°C

Mains supply voltage fluctuations not to exceed —20/+15 percent of the nominal voltage

Transient overvoltage for the Mains supply according to installation categories IlI
(IEC 61010-1)

Pollution degree 2 (IE€ 61010-1)
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1.3 Description O

Front view:
L 4
Legend
A Display,
B Keys
C Op
D
E ing bracket for panel mounting installation
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Rear view:
L 4
XS
Legend \
F Step ou ectors
G Namefplat
H Mo cket for panel mounting installation
I Fi ring for DIN-rail mounting
J , Voltage, temperature sensor and target cos j connection inputs
K Fafy? &1} outputs
L DIN-rail mounting installation area
M

ontroller Communication Adapter (CCA-01) cover A
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Side view:
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Legend &

N DIN-rail fixing spring

o Air inlet for temperature &t
See Chapter 9 for technical details. \
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2. Installation

The controller is designed for either panel (cut-out 138 x 138 mm) or DIN-rail installation. Itis
locked to a panel by a side fitting springs or to the rail by a screwdriver-operated fixing spring.

There are two ways of connecting the controller to the network.

+» Voltage LN (Line — Neutral) P CT on the same line phase as voltage measurement.
For LN wiring Voltage setting should be L4~Nyand Current
setting should be L1.

% Voltage LL (Line — Line) P CT normally on the remaining phase(normally phase L1).
For LL wiring Voltage setting shouldftbe £L2-L3 and Current
setting should be L1.

Separated inputs exist for measurement voltage ("U,"and " U,") andsupply voltage ("OV" and
"110V"/"230V"/"400V"). The controller can automatically correct ingorreét measurement
connection when Auto Setup is selected from the main menu.

External temperature sensor can be installed close to the ‘devicessto be watched and connected to
inputs "T1" and "T2". The cable used needs to be certified to national requirements relevant to
controller installation voltage.

Alternative target cos j can be controlled by using gxternal relay contact connected between
inputs "j 1" and "j 2". The cable used needs to be certified to national requirements relevant to
controller installation voltage.

Caution: For application in HV network,/Jook first at chapter 6.3

Control switch switches the power to the“gontroller.

In ambient temperature of 60°C the temperature class of connection wires must be at least 80°C.

Notes on installation:

A switch or circuit-breaker shall be included in the building installation. It shall be in close
proximity to the equipment and within easy reach of the operator. It shall be marked as the
disconnecting device forthe equipment. An equipment switch or circuit-breaker employed as a
disconnecting devicefshall comply with relevant requirements of IEC 60947-1 and IEC 60947-3.

Overcurreqt pratection devices such as fuse or miniature circuit breaker with a rating of no more
than 10 A shall bedconnected in supply conductors. The overcurrent protection devices need to be
certified to national requirements.
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Figure 1-1: Controller connection example Line-to-Line (LL)
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3. Display

The controller is equipped with a backlighted dot matrix display with a resolution of 128 x bo
pixels.

Essential indicators:

L 4

General Menu symbols Warning symbols
; T Sequence I " @Hlﬂg
nductive u = -\;r = urement voltage

Commissioning o ______

Capacitive I: _\ﬂ_@v warning

Bank Preconfiguration
FERCY Target Cos g 1 or2 MAH Manual Setup I :_QI High waming

"’ Request up / down AUTO  Auto Setup

A e

-m Step off / on

Measurements

“m  Broken steps Up-button functional
Parameters

o1 Fixed steps Down-button functional
Alarms

Up and down bultons functional

e
-
Maintenan \ .
K % 4 Arrows for menu selection

"- Fan

@1}  Alarm active

- 1> il

Communication symbols

Bres Rgad
Sre4x Read + Reset alarm \

Oresdd  Read / Write

Alarm codes
Menu symbol

e D a U 98 * +—— Fan status
0S¥ . i1}|4+—— Target Cos ¢
-l - = = = = = = = =
"' 183 § 6 7B 9101118 +—— Step status

d
ALARMES MEAS

@ To Alarm Handling To Measurement Menu

Figure 2: Display layout and symbols

Alarm indicator
Communication symbol

12
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4. Start-up Procedure

161204/IKY

Before connecting power, check the wiring of all controller terminals. Check carefully for ¢
operating voltage. Selection of wrong voltage input can permanently damage the controll

After the first power switch-on, the controller will automatically ask for the language setting of the

menu.

=== |_anquage
EHGLISH ‘CEg
EHGLISH “F ES+
DEUTSCH PP
FRAHCAIS 3

e

w

Figure 3: Language setting dial

At any time press @-button for help screen. \

o
N
.(,(b
xS

O
Q>®
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5. Menu Operations

5.1 General C')O

Navigation between different menu levels

As a precaution against accidental use, the access of certain menus has been protectedby a
keylock, which is a special sequence of keystrokes enabling the use the particu enu item.
Code lock is automatically closed after the home delay (5 minutes from lastke ).

Keylock Type 1

H O
el e (§\}

Code Lock e =

Enter code to open
lock 1

® I ress (&) na (1)

simultaneously for 2 seconds

Kevlock Type 2
K
u

[—
I
Code Lock o
Enter code to open
@ lock 1
1. Press @ and @

@ simultaneously for 2 seconds
- Then

Submenu 2. Press @ and

simultaneously for 2 seconds

Figure 4: Entering a submenu with a keylock
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Adjusting a value
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Single parameter editor

. To editor
Cancel 4‘"'

adjustment

®
©

Item A

Increase /

Previous value

Decrease/
Next value

Adjustment done
Save the value

Multiparameter editor

Previous Item

. To editor
Cancel 4""

adjustment

Next Iltem

X/

Inerease ¥
Previouswalue

Deerease /
Next value

Adjustment done
Save the values

Figure 5:%Adjusting a value

For faster increasing/decreasing hold the button down.

Using controller help

At any time pressing @-button provides information and browsing help for the current controller

screen.

(2)~>
«i--(?)

Language

Language selection for

menus,
A =nd | choose,

accept the value and
mowe to the next parameter

w

v

Figure 6: Using controller help
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5.2 Main Menu

The main menu contains all basic submenus required to set up and operate the controller.

Which menu to choose?

Autarun
P Autorun

On site;
In operation

On site:
Put into service

At bank builder
wiorkshop

E E = = E
= = c .M =
2 § 3 § §
x A I <
'y F'y A_ F Y +
e w
§ . g
. m
SEl | [~e © 3
o ¥ =
o = =
....................... Y s M UL .
Sm . d
< m & w £ ks 8
] = ]
5| ¢ <
............... ¥ TRt oy R RN e SEe L

configuration

Mo

Skill
required
7

Far specialist
& ooy

Figure 7: Required skills and menu selection

If bank preconfiguration is properly done, commissioning does not require any special skKill.

16
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3.

4.

®

)

A

I,

BAHK PRECONF T =

-

COMMISSIOMIHGT ===

r 3

O/ (O

AUTOD SETUP T o=

CIG

MAHUAL SETUP T s

©

MEASUREMENTS

PARAMETERS

|
0 jo
J

&

D,

ALA 7

@ ®

HAINTEHAMCE 7%=

Figure 8: Main menu

USER’'S MANUAL 161204/JKY

(1) Bank pre-configuration

When factory settings have not been changed, this menu
provides the means of pre-configuring the bank at the
workshop. After pre-configuration, this menu topie*is
replaced by (2) Commissioning, by which the centroller is
taken into service.

(3) Automatic setup of parameters

In the event that the controller hasqot'beenipre-
configured, an inexperienced user camautomatically set up
all the characteristics of the bank@ang,bring it into service.

(4) Manual setup of parameters

In the event that the controller'has not been pre-configured,
an experienced user can manually set up all the
characteristics of thelbankrand bring it into service.

(5) Measurement

The measyrement menu contains the most common
measurements taken from the network and provides some
informatign,about the bank. This is a read-only menu.

(6)(Parameters

At any time, an experienced user can access the most
common operating parameters from this menu. Unlike the
configuration and setup sequences, this is a menu allowing
a free and unrestricted entry into all its items and should be
used when an occasional parameter access is needed.

(7) Alarm settings
To show status and adjust the parameters of alarms.

(8) Maintenance

The maintenance menu provides useful information about
the usage of the bank, capacitors and contactors. Auxiliary
settings and action have also been provided. This menu is
basically intended for use by the manufacturer’'s
maintenance team.

17
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5.3 Bank Pre-Configuration

This menu item is a forced sequence, meaning that all items must be accessed before the prg-
configuration takes place.

NOTES: 1) Do not use the Bank Pre-Configuration menu for HV network applications
2) Select “Cancel” at the end of Bank Pre-Configuration menu if 1% step is fixed

The sequence can be interrupted by pressing key. See Glossary (chapter 8)4or definitions.

-MAIN MEHU- Code Lock
$BANK PRECOHF T ===
AUTD SETUP T ==
MAHUAL SETUP T === @
MEASUREMEHTS [F=]
PARAMETERS  TobE Keylock type 1 @
Y

. === Language - ‘
: Choose

: v NG @
I ‘ﬁpplicaiinn ] = @

Previous —

Choose Next I
R R ‘Inpui Voltagé —’ .
: Adjust
\
«------- Wiring (] —> @® Previous — @
Choose Next

; v Ny O
R [Rpeppu \Targei Cos P - Previous

Adjust Next |
R EEEN v Delays —
: Adjust

v
o

- - ---- Step Program —
Choose
T an o®._
q-=-=-=-=-=-- Step Setup i Previous
Adjust Next l
.............. < Cancel /Accep;
+—_ Ready

Figure 9: Bank pre-configuration
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5.4 Commissioning

5.4.1 Commissioning sequence O

A pre-configured controller is put into service by this menu. The sequence contains an augc
C/K value detection and and automatic parameter verification to check that the manually entered
parameters comply with the network. S

See Glossary (chapter 8) for parameter definitions.

NOTE: The use of Commissioning menu is forbidden on HV netwo tions, because
verification switches all steps on and off.

{
-MAIN MENU- | |Code Lock
| a

FCOMMISSIOHIHGT ===
AUTD SETUP T w=»
MAHUAL SETUP T ===

MEASUREMENTS .
PARAMETERS ‘?E Keylock type

Previous —*
Mext

@

Frevious

~ @

Mext

&

I

I

: Q (F2
:.._ - % y (R | Verifying...
: !

= -

I

! Error messages Result screen. Browse @@
N Browse @@ Taken into service
!
1
I

Figure 10: Commissioning
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5.4.2 List of errors

What to do in case of error ?

Error codes can help you to identify a problem and make corrections.

Code

Meaning

Action to do

Unstable network: The controller is
unable to verify/search parameters due
to excessive load variations on the
network.

< Enter the parameter settings
manually using ‘Parameters menu.

« Rerun‘the commissioning
sequence

Step size too small: The effect of the 17
step cannot be measured. CT
oversized, wrong wiring, inoperative
steps.

< E€heck'wiring, CT, condition of
capacitor steps (1% step)

Sequence not found: Step ratio does
not match available step sequences.

> “Check the condition and sizes of
steps

< Check the contactors and step
wiring.

Step size too large: The ratio of:
measured step compared with'the 1
step is too large. Step sequence capnot
be resolved.

< Check the condition and sizes of
steps and contactors

Non-relevant autosetup pracess with
this bank configuration:

< Use manual setup to confirm or
correct the information obtained by
autosetup.

Reserved

Wiring verifyerror Controller wiring not
correct.

< Check the wiring of voltage- and
current inputs

% Check the Wiring setting from
Parameters menu

Step count/verify error: The Number of
Stepsssetting4s incorrect.

< Check the Number of Steps setting
% Check the number of steps in the
bank and the condition of steps

Stepisequence verify error: The step
sizeyratios differ from the selected step
sequehce.

< Check Step Sequence setting
< Check step sizes used in the bank

CIK value verify error.

< Check the response value used
% Check the size of 1% step in the
bank

Disconnected bank disables Verify and Search functions and "Alarm with shutdown"-text
will be shown igthe \erify / Search - result screen.

20
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5.5 Auto Setup of Parameters

The auto setup sequence is intended for inexperienced users so they can commission the ba@

with minimal prior knowledge. The user need only input three of the most common parameéter
and then launch an automatic search for the other parameters.

Auto setup forces application setting to 4-quadrant, step program to optimal, and disables step

size monitoring. C/K-value, step setup and wiring are detected automatically. The automatic
detection is unavailable if fixed steps are set.

NOTE: The use of Auto Setup of Parameters menu is forbidden on ork
applications, because auto search switches all steps on an .

In the event of error, see the error table on previous page. 0

“MAIN MENU- '
BANK PRECONF 7 = Codu Twide
+AUTD SETUP T owms
HMAHUAL SETUP T ===

MEASUREMENTS
PARAMETERS  1o-8es Keylock

: (X
: 6
B | Transformers ) @

& 1

Previous —*
Adjust Mext

SR

—
it el : Previous @
A.djuﬁt Neaxt
f
""""" Searching...

:
17 OK? —l

] Error messages Result screen. Browse @@
Y 2 Browse @@ Taken into service

Figure 11: Auto setup of parameters
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5.6 Manual Setup of Parameters

The manual setup sequence is intended for experienced users. There are nine important
parameters to input before the controller can be taken into service. This sequence is compl
an automatic verification of the parameters entered in this sequence.

This menu item is a forced sequence, meaning that all items must be accessed before the
validation of the setup takes place. The sequence can be interrupted by pressing keys

See Glossary (chapter 8), for parameter definitions. \%

In case of error in verification, refer to error table, page 20.

NOTE: The use of verification in Manual Setup of Parameters is en on HV network
applications, because verification switches all steps on‘and

22
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Sl R
AUTD SETUP T == Code Lock
#HMAHUAL SETUP T === |
MEASUREMENTS |
PARAMETERS  T<08 §
A Keylock type 1 e

Previous
Choose Next

: ‘ﬁpplicaiinn MAH __ @@ _,

______ ) Previous
AdJUSt Next

«~----- ‘Inpui Voltage MAH/__ @@ >
: Adjust

' MAN @@ @

:4 .E ‘Transformers MAN| __ @@ @

e ‘ Wiring Previousiy,—>
' Choose Next

() v oo NO@_, o

«------ ‘Targei Cos ¥ "“"‘ ' _ Prévious
' Adjust Next I

(=) ¢ e

«“------ ‘Resp Yalues “"'“‘—» Previous — @
. Adjust Next

‘- - - - ‘I]elags HAH 2 @@_.
. Adjust

: ¢ 6
“--Z-- ‘ Step Program “ﬂ"‘_’ —>

: Choose T

1 - 00
€--"=-- Step Setup HAH | —> . Previous > —» Cancel / Accept
. Adjust Next Y

 ®AS] @

< ----G ‘Uerifg
|
1
1
: 1
- % - User Break «------- o
: No
. \\\\\ ////
' Error messages Result screen. Browse @@
Browse @@ Taken into service

Figure 12: Manual setup of parameters
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5.7 Measurement Menu

The measurement menu contains the most common measurements taken from the network. Ghis
is a read-only menu, only the selection on some displayed measurements is possible.

Startup after commissioning

i

« ~MAIN MENU- - - - - .1]1 25 11

ol B ;" 0.98 *

MAHUAL SETUP T === [:I]S ?
+HMEASUREMENTS —> A;m 1TTicE 78 ifufifa

PARAMETERS  Tode eLERMS . EEl:E
HoL

l . A OVERVIEW W
Alarm List VOLTARR e
2 Eunfing ‘ A
4 Vol ]
BD::.I" 'I?en:::raiure . THOLLY -‘
¥ . Prewous harmonic
* | THO(D -‘ Next harmonic
Reset alarms Alarm log
Lis/1, F=
Alarm Log | CURRENT
5.2 Hunting
4.4 Low Uoltage
3.90ver Temperature
2.4Low Uoltage ‘ POVER ‘
1.4 Low Uoltage
TEMPERATURE ‘
v  STEP USAGE %

d
<«

Previous screen

Next screen

Figure 13: Measurement menu

Measurement Explanations:

Screen ltem Description

List of detected alarms. A = Active alarm.

Log of 5 latest alarms. Alarm log can be cleared using
"Clear Alarm Log"-function in Maintenance menu.

Input voltage (V, Line to Line or V y Line to Neutral)

Total harmonic distortion of voltage

Capacitor overload factor

Reactive power

Internal temperature

24
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Screen ltem Description

Input voltage (V. Line to Line or V,y Line to Neutral) afnd
voltage limits. If nominal value is not standard, graphical
display is in % scale.

Total harmonic distortion of voltage and alarm ligit fOiis

Total harmonic distortion of voltage and harmonic
components.

Total harmonic distortion of current and harmonic
components.

Capacitor overload factor (measured current ratio to
nominal current at nominal voltage) andgalarm limit for it.

Active current of CT primary (phase current)

Reactive current of CT primary

Apparent current of CT primarny

Active power (3-phase total power)/

Reactive power

Apparent power

Internal temperature, fanilimit and alarm limit.

External temperaturejenly present if external
temperature sensg@ficonnected.

Number of step ¢onhections and usage hours

Nominal value
Alarm limit l Alarm limit

\

u, Y , +—— LL<«onnection of voltage
a0 110y 130 114

Measured value

Figure 13-2: Measured value and alarm,limits

Harmonic
distortion

values = THDOWND
#1205 <— Total harmonic distortion

1| 4— Values of selected harmonics

" )7

Keysforscrolling harmonics

Figure 13-3! Graphs showing voltage harmonics

Fanlimit™ Alarm limit

| v

* TEMPERATURE
_ Fan s@cerd Ind .*' <—Fan
——.:I 44°C |«— |nternal temperature

/‘430': 4— External temperature (only present if external temperature
sensor is connected )

Temperature values

Figure 13-4: Temperature values and fan status
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5.8 Parameters

CAUTION: In case of installation in a HV bank (with VT), you must adjust the default
factory settings. The reconnection delay must be changed to a larger value
(e.g. 600 secs) to prevent destruction of capacitors.

The most common operating parameters can be accessed from this menu.

Unlike the configuration and setup sequences presented earlier in this textgthis iSya menu allowing
a free and unrestricted entry into all of its items and should be used when{occasional parameter
access is needed. Restart the controller after major changes in parameters.

To start the step size monitoring, set number of steps, step sequenee anasthe size of the 1* step
(reactive power and voltage), initialize the measurement (asked when exiting the editor). If
wanted, set the alarm on from the alarm menu. If the step size is,setito O the step size monitoring
is disabled.

Step size monitoring cannot be used when
+» loads change constantly and rapidly

if the 1% step is very small compared to total measUrement scale
< if HV application is selected (automatically disabled)

/7
.0
@
0’0
/7

Fixed steps cannot be monitored or verifiedmSetting 1°' step fixed disables also search and seek
functions.

See Glossary (chapter 8), for parameteridefinitions.

In case of error in verifying, refer to error table, page 20.
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« -MAIN MENU-
BAHK PRECOHF T == Code Lock LS =

AUTO SETUP T ==
MAHUAL SETUP T =e
MEASUREMENTS

+PARAMETERS T8 Keylock type 1
A

106

Application

Editymode:

Choose
parameter

@@ Adjust value
Accept value
Discard value

. Transformers

. Input Yoltage

Wiring
Target Cos Y

Resp Values

LR IR RS I

fute Seek

Confifm

Delays

Step Program

Step setup:

Step Setup

LVLV4v¢v+vV

Fixed steps

P A

Verify

Confirm

Step, Test

Modbus Setup

HEI
!

\ 4

|
v Language

Figure 14: Parameters

Parameter Explanations:

Screen Item Description

i 2 quadrant application: Only use of power, the most
common situation.
4 quadrant application: Power generation possible.
Application is forced to 4-quadrant in Auto Setup.
Network voltage range of application.

Current transformer: primary and secondary current.

27



Power Factor Controller NC-12

USER’'S MANUAL

Screen

Description

i

Voltage transformer ratio. Used if voltage range with
VT selected.

Nominal input voltage reference value at input
voltage terminals U; and U,. For voltage alarms.

In VT application, the secondary voltage is entered
and the calculated primary voltage is displayed.

Location of voltage measurement: L2-L3, L3-L1, L1-
L2, L1-N, L2-N or L3-N. Detected in Auto Setup and
Auto seek, checked with verify function. See also
Installation (chapter 2).

Location of current measurement™l, 12 oL 3.
Detected in Auto Setup and Auto seekychecked with
verify function. See also Installation (ehapter 2).

Detected in Auto Setup and Auto seek, checked with
verify function.

DIRECT = Normal polarity‘ef.current measurement
REVERSE = Inverted pelasity of current
measurement

AUTO = Automatic gutrentpolarity detection,
disabled in 4 quadfant applications.

Primary Target'€os j . (mormally used when control
input is open), 0.8Gind - 0.90 cap

Secondafy: Target,Cos j (selected by closing relay
input), 0:80 ind. - 0.90 cap. Symbol in Base Display
shows the'status of control relay.

C/K-value forinductive reactive power, 0.01 - 1.99.
Caleulateusing a formula or get from C/K value
table /Detected in Auto Setup and Auto seek, or
manually if wanted. Checked with verify function.

C/K-value for capacitive reactive power, 0.01 - 1.99.
Calculate using a formula or get from C/K value
table. Detected in Auto Setup and Auto seek, or
manually if wanted. Checked with verify function.

Automatic C/K-value seek, connects and disconnects
first step several times. Do not use on HV network
applications!

10s - 900s. Reconnection delay and response delay.
Reconnection delay is used to protect the step
capacitors (don't use too short values). Response
delay, the minimum time between changes in steps,
is defined as 20 % of reconnection delay, min 10 s.
The default value corresponds to capacitors with
internal discharge resistors 50V 1 min. Reconnection
is faster when using Optimal step program.

(Forced to Optimal in Auto Setup).

Normal, suitable for step sequence 1.2.4.4.4
Circular 1.1.1, suitable for step sequence 1.1.1.1.1
Circular 1.2.2, suitable for step sequence 1.2.2.2.2
Stack, suitable for step sequence 1.1.1.1.1
Optimal, suitable for several step sequences
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Screen Iltem Description

; Number of steps, 1 -12. Detected in Auto Setup,
checked with verify function.

Step sequence (needed for optimal stepping

program, step size monitoring function and alarm42).

Detected in Auto Setup, checked with verify function.

Size of first step at given voltage level (next

parameter) 1kvar - 400kvar, for step size monitoring.

0 = step size monitoring disabled.

See Alarms Menu (chapter 5.9) / Alarm 12

Nominal voltage of step (the line-to-lin€ valtage)

A: Automatic (default)

0: Step fixed OFF

1: Step fixed ON

Steps set fixed are not included‘infany automatic
functions.

Fixed steps and Optimal Stepping“Program cannot
be used together.

Automatic verification @f C/K;%steps and wiring. In
case of an error refemto ewsor table, page 20.
Do not use in HV netwotk,applications!

Manual connéction of steps for testing

2 digits containing‘¢errect message total counter +
2 digits containing,faulty message counter +

2 digitsicontaining replied message counter.

The useioficontroller's communication.

NONE= Communication disabled
REABR,="Gemmunication reads information
READ/RESET = Communication reads information
and resets alarms.

READ/WRITE = Communication reads and writes
information

Modbus slave address of the controller

Bit rate used for data transmission

Language selection of user interface

5.9 Alarms Menu

In Alarms menu, each individual*alarm can be enabled or disabled. Alarms 1-11 are enabled and
alarm 12 is disabled asefault.”Alarm screen also shows whether the alarm is active or passive.

Also, some alarm triggering levels can be adjusted. Disconnection of steps due to alarms 2, 9, 10
can be enabledwr disabled from alarm settings.

Once an alarm ondition is detected, the corresponding alarm number is shown at the upper part
of the displayyandsthe alarm symbol becomes visible. The alarm relay is also activated.

Alarm indigations can be reset in base display alarm dialog ( ), this clears all passive
alarms. If alarm condition is still active, the alarm cannot be reset.
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List of alarm descriptions and limits:
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Alarm | Alarm Description Limit, limit adjustment
No.

1 Out of Steps No steps left to connect. Network is still
inductive and request for more steps exist.

2 Hunting Continuing more/fewer step request detected. 10 min

3 Abnormal Cos j Current flows, but cos j out of range. Ind. < 0.50, cap. < 0.80

4 Low voltage 80%

5 Over Compensation | No steps left to disconnect, network is still
capacitive.

6 Wrong frequency Frequency detected at startup neither 50 Hz +- 2 Hz ofigominal at startup
nor 60Hz.

7 Over Current 115% gf nominal

8 Over Voltage 110%(8Q'min ) or 120%(1 min)

9 Over Temperature If external temperature sensor is installed, only | Temperature limit setting, default
external temperature is watched. 50:C

10 Too High THD(U) Harmonic distortion of voltage over limit. LHD() limit setting, default 7%.

11 Cap Overload Harmonic distortion or resonance polluted Irmafls limit setting, default 1.5.
current, overload factor lrms/l1 over limit.

12 Cap Output Low Capacitance is measured and watched during %| Capacitor value < 75 % nominal

connection and disconnection. Step gizes\must
be configured for step size monitoring\(see
Parameters/Step Setup).

List of alarm causes and actions:

Alarm | Alarm Possible cause Controller action
No.
1 Wiring or LL/LN definition error
Out of Steps Undersized bank
2 Hunting Too small C/K value If disconnection in alarm setup is
Wrong program,choice ON disconnects bank for 10
Defective capacitors minutes. No disconnection as
default.
3 Abnormal cos j Wiring mistake
Over capacitivegnetwork (welded contactors)
Too low curreint
4 Low voltage Disconnection till voltage returns
5 Over Compensation | Wiring @gLL/LN definition error
Improper use of fixed steps
6 Wrong frequency Wirong’or unstable network frequency detected | Stop regulation. No automatic
at startup restart
7 Over Current Undersized CT
8 Over Voltage Temporary disconnection of steps
during alarm and delay after that.
9 Over Temperatute Ambient temperature too high Temporary disconnection of steps
Defective cooling system during alarm and delay after that,
if disconnection in alarm setup is
ON. Disconnection as default.
10 Too HighyTHD(U) Harmonic pollution Temporary disconnection of steps
Resonance during alarm and delay after that,
if disconnection in alarm setup is
ON. No disconnection as default.
11 Cap Overload Harmonic distortion, resonance Temporary disconnection of steps
during alarm and delay after that.
12 Cap Output Low Defective capacitor

* -marks in Base Display

In case of Alarm 12 user can set the defective capacitor Fixed OFF to clear the alarm situation.
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+« -MAIN MENU- Code Lock

AUTOD SETUP T =

¥

MANUAL SETUP T e
MEASUREMENTS
PARAMETERS Toe
$ALARMS T &

Keylock type 1

*)
¥

h
Alarm 1 Params #

06

.hlarm 2 Params l

Y Alarm 12 Param&

Figure 15'i®gmenu
Alarm contacts are

closed when the controller is not ene d,

opened when the controller is enex ithout alarm

- closed when the controller is ene% ith active alarm
Alarm parameter explanations:

;

3

® ®

161204/JKY

C)O

L 4

G

Choose
parameater

Adjust value
Accept value

BEC Discard value

ltem

al have no effect.

LED = Cannot cause an alarm under any conditions. The other settings of the

ralarms 2, 9 & 10.
ON = Bank shut down in case of alarm
OFF = No shutdown

| Alarm detection limit for alarms 9, 10 & 11.

5.10 Maintenance menu

N 4 . . , ,
The maintenance menu provides useful information about the usage of the bank, capacitors and

co rs. Also, some auxiliary settings have been provided.

ON:  This menu access is dedicated to specialists.
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‘[Zode Lock *_‘

~ -MAIN MENU-
MAHUAL SETUP T =s= @

MEASUREMEHTS
PARAMETERS Toe= @ >
ALARMS T @ @

F
S MAINTEHANCE T e

Keylock type 2

y y

@@ Adjust value
@ Acgeptvalue
A Controller Info
Discéard value

: Temp limits

: Step Usage ""—‘—Vl@® Browse steps

. | Clear all step info
: .% | Clear current step info

___________ Clear Stals ¥
Alarm Log > Return to menu
Clr Alarm Log ™= > 7
.F1 Cancel
Bank Test P > Accept
Factory JLonfig & > i
OVERVIEW S, »— L

Figure 16: Maintenance menu

Maintenance explanations:

Screen Description

Serial number
Software version
Power on hours

Display for temperature alarm limit

Fan offset setting, fan limit = alarm limit - offset
Display for fan temperature limit. If external
temperature sensor is installed, fan is controlled by
external temperature.

Connections of steps, usage hours display and possibility
of clearing.

Clear step statistics and alarm log.

Log of 5 latest alarms

Clear alarm log

Each step is automatically connected and disconnected in
turn. This facilitates testing of the operation of each
capacitor step contactor.

To be used only for testing offline capacitors! Do not use on
HV network applications!

Restore controller factory settings
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6. Miscellaneous

6.1 Stepping programs

The controller's algorithm will try to reach the target cos | inside a tolerance area dependant
upon the C/K value, figure 18. It reaches the value by switching on or off available relevant steps.

The regulation program choice follows the steps definition :

a) Stack Program (linear) :

All capacitor steps are of equal size (i.e :1.1.1.1). The operation sequencefobeys to a last-in-first-
out (LIFO) principle. The first step connected will be the last one to be disconngcted and vice
versa. See Table 1.

b) Normal program (2+ linear)

Normal program can be used on bank whose step ratio is 1.2.4.4.° % he linear sequence starts with
the 3" step. The two first steps are used as fine-tuning. The cghtfalleralways start by switching
the first step then the second. Other steps are used successively See Table 2.

c¢) Circular 1:1:1 program

All capacitor steps are of equal size (i.e :1.1.1.1). The operation sequence obeys the first-in-first-
out (FIFO) principle. With this stepping program the amountof on- and off-connections at each
step will eventually be the same. The first step connected will be the first one to be disconnected
and vice versa. Then a circular sequence is followed. W order to operate correctly, the number of
steps programmed into the controller must strictly/comply with the number of physical steps

See Table 3.

d) Circular 1:2:2 program (1+Circular)

Circular B program can be used on a bankwhose step ratio is 1.2.2.2. The first step is used as
tuning after the activating limit is exceeded, The circular sequence starts with the 2nd step. See
Table 4.

e) Optimal Program :

The optimal program operateswith many step configurations:

11111 11222 1.1.2.3.3 1.1.2.4.4 12222
1.2.3.3.3 1.2.3.44 1.2.3.6.6 12444 1.2.4.8.8

The target cos | ‘powerdis reached using the fewest number of steps in minimal time. Like the
circular programy thissalgorithm equalizes the usage of largest steps.

This program uses optimally selected step sizes when approaching the target power and at the
same time the response delays are shortened, particularly if there is a large requirement for
compensation power or if the network suddenly becomes capacitive. As circular program, this
stepping program keeps the usage of steps even.

Qptimalprogram is disabled with fixed steps and vice versa.
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Step Step number
demand |1 2 3 4 5 6
+ X

+ X | X

+ X[ X[X

+ X[ X[X[X

+ X[ X[X[X]X
+ X[ X[X[X]X]X

- X X[ XXX

- X X[ XX

- X | X[ X

- X | X

+ X[ X[X

+ X[ X[X[X

+ X[ X[X[X]X

- X X[ XX

- X | X[ X

- X | X

- X

Table 1: Stack program - Operation

sequence 1:1:1:1

Step Step number
demand 1 2 3 4 5 6
+ X
+ X | X
+ X | XX
+ X X|X]|X
- X[ X]|X
- X | X
+ X[ X]X
+ X[ X]|X]| X
- X | X7]oX
- X X
+ X XX
+ X | X %.| X
- X | X X

Table 3: Circular A pregram® Operation
sequence 1:1:1,

USER’'S MANUAL

161204/JKY

Step Step number
demand 1 2 3 4 5 6
+ X
+ X | X
+ X | XX
+ X X|X]|X
- X[ X]|X
- X | X
+ X X | X
+ X | X[ X [#X
+ X[ X faX [W&X] X
- X | XPXAX
- Xl X7 X
- X | X
- X

Table 2:;Normal program - Operation
seguence 1:2:4:4

Step Step number
demand 1 2 3 4 5 6
+ X
+ X | X
+ X | XX
- X | X
+ X | XX
+ X X|X]|X
- X[ X]|X
- X | X
- X
+ X X
+ X X[ X
+ X X[ XX
+ X | X X | X | X
- X X | X | X
- X X[ X
- X X

Table 4: Circular B program - Operation

sequence 1:2:2

Comparison‘between normal and optimal program:

Normalkprogram will reach the cos j target value by successive connection/disconnection of
capacitors corresponding to the smallest step value.

Optimal program will reach the target cos | value by successive connection/disconnection of
capacitors corresponding to the highest relevant and available step value.
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Optimal Stepping Programm &
Uncompensated reactive power O
O

L 4

Compensated reactive power

+4
Connection of steps

Step sizes : 1:2:4:

Ind

Cap 4 4+4+4+4+1

Step sizes : 1:2:4:4

Ind

Cap

s Figure 17: Requlation example - Optimal vs. Normal
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6.2 Manual calculation of response value

Normally the response value, more generally known as the C/K value, is set automatically as a
part of the Auto Setup sequence, but there are cases when these values must be entered
manually. The correct value can be calculated using an equation requiring the 1% step size (in
vars), line-to-line voltage of the network used (in volts) and the CT ratio as follows

C/K= ,Ql -
Il/5A U LL \/:_3
where Q; = size of 1% step in vars
UL = line-to-line voltage in volts
I./5A = CT ratio ( alternative : 11/1A)

Alternatively, the C/K value can be taken from the table below (valid foR400 V networks)

1 CT nl/n2
step 20 | 30 | 40 | 60 | 80 {100|120|160| 200%,300 | 400 | 500 | 600 |/1
(kvar) | 50 | 100 | 150 | 200 | 300|400 |500 |600 | 80071000 |1500(2000|2500 3000 |/5
5| 0,72| 0,36|0,24| 0,18/ 0,12
7,5| 1,08| 0,54|0,36| 0,27/ 0,18/0,14/0,11
10| 1,44| 0,72/0,48| 0,36|0,24|0,18|0,14(0,12
12,5 1,80| 0,90 0,60| 0,45|0,30|0,23/0,18|0,1510,11
15 1,08/ 0,72| 0,54/ 0,36|0,27|0;22/0,18/0,14| 0,11
18,5 1,34/0,89| 0,67|0,45(0,38{0,2#|0,22/0,17| 0,13
20 1,44/ 0,96 0,72(0,48/0436|0y29(0,24|0,18| 0,14| 0,10
25 1,80|1,20| 0,90] 0,60|0,45109,36{0,30({0,23| 0,18/ 0,12
30 1,44| 1,08/ 0,72|0,5440,43(0,36|0,27| 0,22| 0,14| 0,11
37,5 1,80| 1,35/ 0,90/0,68/0,54|0,45/0,34| 0,27| 0,18| 0,14| 0,11
40 1,92| 1,44|0/96|0¢/2|0,58(0,48/0,36| 0,29| 0,19| 0,14| 0,12| 0,10
50 1,80{,20,0/90|0,72|0,60/0,45| 0,36| 0,24| 0,18| 0,14| 0,12
60 1,44/1,08/0,87|0,72/0,54| 0,43| 0,29| 0,22| 0,17| 0,14
75 4,80(1,35(1,08/0,90/0,68| 0,54| 0,36/ 0,27| 0,22| 0,18
90 1,62(1,30/1,08/0,81| 0,65| 0,43| 0,32| 0,26| 0,22
100 1,80(1,44/1,20/0,90( 0,72| 0,48| 0,36| 0,29| 0,24
120 1,73(1,44|/1,08| 0,87| 0,58| 0,43| 0,35| 0,29
150 1,80(1,35| 1,08/ 0,72| 0,54| 0,43| 0,36
200 1,80( 1,44| 0,96| 0,72| 0,58 0,48

Table 5: C/K=values for 400 V network

The reactive power between limits corresponding to response value is adjusted by successive
connections{or disconnections) of steps.

36



Power Factor Controller NC-12

USER’'S MANUAL

P

Compensated '
power :

A\

161204/IKY

Effect of one
step

OO

Uncompensated

Capacitive
C/K

Capacitive C/K

Ind cti%bet
X

Figu

Q>®

Target cos ¢ \

Induc

Inductive

Capacitive target
cos ¢

181 Compensation example and consequences



Power Factor Controller NC-12 USER’'S MANUAL 161204/IKY

6.3 High voltage application of NC-12

CAUTION: In case of installation in a HV bank (with VT), you must adjust the defaullQ

factory settings. The reconnection delay must be changed to a larger v
(e.g. 600 secs) to prevent destruction of capacitors.

The controller can be used in HV networks, if the following points are taken into account.,,
Connections must employ VT and CT with respect to the figure 19.

The application menu has two voltage ranges for HV applications: 0.5 - 50 N‘@ 400 kV.
The lower voltage range has finer VT ratio resolution and range than the higher veltage range.

Safety (or reconnection) delay must be adapted to the value of the disc sistors of the
capacitors, the most usual value is 600 seconds (10 minutes). The cantroller's default

reconnection delay is adapted for LV use. Using too short a recon [ lay may damage the
capacitors.

Important: @

% the whole commissioning process must be performed usingythe Parameter menu
% the commissioner should not use Bank Pre-Confi ieRy)Manual Setup and Commissioning

menus
% the use of Auto Setup menu is strictly forbidden xent capacitor destruction
% do not use "Verify" or "Auto Seek" on HV networkyapplications!

75
R
>

38



161204/IKY

USER’'S MANUAL

Power Factor Controller NC-12

LOAD

dajs | dajs
38} «—=3 Jopedes
L 1 By e
mm.a’__s._ Ry afeyon Ky
f==F=q--- o =
Il B =t
abeyon xmy =B O~ "KMy

ajdwex3y uoi2auuo) AH
ZL1-9N 42]|043Uu0) J0}2E 4 JoMOod

3d

g1
21

UOI3ULOD O E

L1

Example
20 kW 50/80 Hz

N
DWA0EE

o
LLLIE

(I

3T ZE 2E A02 233

Malh Jeay

Z-ON
19]|0.3U0D J0}08 4 18MOg

Ziy
LM
i]%.]
=11
By
L4
oy
54
tu

By

3]

A0z

I
|
|
|
1
i

ZL DUE | ypm se || E sdals jo uonoauuns

_~—t=afieyon SIe|xmy
|
w0l BwW s3sn4

%
”
% .

Figure 19: HV use of the controller
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7. Options

7.1 External Temperature Sensor

The controller has terminals T1/T2 for external temperature sensor. With the external temperature
probe the temperature in a critical point in a capacitor bank can be monitored with the controller.
The external temperature measurement overrides the internal temperature in fapfand alarm
monitoring. The External Temperature Sensor can be purchased as an optien and'installed into
the capacitor bank.

Do not touch the connectors when the controller is energized, make surg that the operating
voltage is disconnected before touching any parts located on the rear sideyof the controller

7.2 Controller Communication Adapter

The controller is equipped with a communication port to c@anect.the controller to a remote master.
The communication connector is covered to ensure electrical Safety during the operation of the
controller. The Controller Communication Adapter (CE€A®01) ean be purchased as an option and is
installed into the controller according to installation mstruetions supplied with the CCA-01.

Always switch off the powerfrom the controller before installation. Make
sure that the communigation Connector is always covered, either with
CCA-01 adapter or the ouginal cover before switching on the power.
Touching an uncoveredi{Connector with the power applied may lead to an
electrical shock.
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Display
information

Description

Min value

Default

Max value

value

Current too high

>1,10°

Inom

Current too low. All steps are disconnected in 2
quadrant application.

<0,025

Inom

No Input Voltage.

Size and voltage of 1% step (the line-line voltage of
capacitor) for step size monitoring. 0 = step size
monitoring disabled.

See Alarms Menu (chapter 5.9) / Alarm 12

0 kvar
200V

Okvan
400V

400 kvar
800V

The Modbus slave address of the controller

247

List of detected active (A) and passive alarms. Reset
clears passive alarms.

Log of 5 latest alarms

Alarm Menu

ACT = Alarm active and triggered
PAS = Alarm passive.

Power flow and network voltage level of the capaciter
bank. 2 quadrant = only power consumption (typical
situation). 4 quadrant = power generationrpossible.
Application is forced to 4 quadrant in Auto‘Setup.

2quadrant
100-700 V

2quadrant
100-700 V

4quadrant
10-400 kV
(VT)

Automatic search of C/K response value

Automatic Setup Sequence

Bank Pre-configuration Sequence

Bank Test: each step is automatically connected and
disconnected in turn. This fagilitates testing of the
operation of each capaciterstepcontactor. To be used
only for testing offline capaciters! Do not use in HV
network applications! Seg'alse Step Test.

Data transmission speed of/ithe controller

1200

9600

38400

(Resp Values)

Response value,fonthe€apacitive side of the target
cos j . Normally setup automatically by the controller.
Detectedin Aute Setup and Auto seek, or manually if
wanted. CheekedWwith verify function.

See
"C/K".

The confroller has a connector for CCA communication
module\(option).

Circulapstepping program for sequence 1.1.1.1.1.1

Cireular stepping program for sequence 1.2.2.2.2.2

Response value. Can be manually set up or
automatically searched by the controller.

0,01

0,50

1,99

Clegar Statistics

Clear Alarm Log

Commissioning Sequence

Target cos | value 1 (normally used)

0,8ind

1.00

0,9cap

Target cos | value 2 (selected by control input)

0,8ind

1.00

0,9cap

(

(TFransformers)

N

Current Transformer setting, xxx/5 or xxx/1

25/1
25/5

1000/5

6000/1
6000/5

Example: CT phase L1. Current connected to phase 1.
Detected in Auto Setup and Auto seek, checked with
verify function. See also Installation (chapter 2).

L1
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Description

Min value

Default

Max value

value

E(Wiring)

Current polarity selections:

DIRECT = direct connection

REVERSE = inverted connection

AUTO = automatic polarity (controller identifies polarity
in 2 quadrant applications, disabled in 4 quadrant)

AUTO

(Alarm Paras)

Disconnection of steps in case of alarm, ON/OFF

ON 9
OFF 2,10

External temperature. Present only if external
temperature sensor connected.

Restore Factory Settings

(Temp Limits)

Fan temperature offset (adjustable)
Fan switch-on limit is offset degrees lower than
temperature limit.

0°C

202C

50°C

Fixed steps: each step can be manually fixed ON (i)or
OFF (7). In search, seek and verify functions a fixed
step is always skipped and considered OK. If 1% step is
fixed search, seek and verify functions are disabled.

A
(automatic)

(Resp Values)

Response value for the inductive side of the target
cos j . Normally set up automatically by the controller,
Detected in Auto Setup and Auto seek, or manually if
wanted. Checked with verify function.

See
"C/K".

Nominal input voltage reference value at{inputoltage
terminals U, and U,. For voltage alarms.

80V

400V

800V

Internal temperature

Capacitor overload factor

Language Selection for menus

English

(Alarm 9 Para)

Adjustable over temperature alarm limit, Fan switches
ON some degrees under this (adjustable offset).

20°C

50 °C

60 °C

Maximum harmonic distortion of voltage (adjustable)

5%

7%

20%

Capacity overload alarm_limity(maximum I¢/l; - value)

1,0

15

15

Line to Line connection

Line to Neutral connectien

Maintenance Menui(forexperts)

Manual Setup{Sequence

Measurements Menu

(Alarm Paras)

Alarm setup (enable / disable)

(Modbus Setup)

The use“of,controller's communication.

NONE¢#= €ommunication disabled

READ =.ommunication reads information
READ/RESET = Communication reads information and
resets alarms.

READ/WRITE = Communication reads and writes
information

NONE

Number of used steps. Detected in Auto Setup,
checked with verify function.

12

12

Normal stepping program for sequence 1.2.4.4.4.4

Optimal stepping program, for many step sequencies.

Parameters Menu

Nominal network voltage in HV applications.
Calculated form secondary voltage and VT ratio.

(Input Voltage)

(Controller Info)

Software version
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Description

Min value

Default

Max value

value

Reconnection delay and response delay.
Reconnection delay is used to protect the step
capacitors (don't use too short values). Response
delay, the minimum time between changes in steps, is
defined as 20% of reconnection delay, min 10 s. The
default value corresponds to capacitors with internal
discharge resistors 50V 1 min. Response to multi-step
changes is faster when using Optimal step program.

10s

50s

900s

Search (response value, step sizes and wiring)

(Input Voltage)

Controller input voltage in HV applications

80v

150V

(Controller Info)

Serial Number of the product (for internal manufacturer
use)

Linear stepping program for sequence 1.1.1.1.1.1

(Modbus Setup)

2 digits containing correct message total counter +
2 digits containing faulty message counter +
2 digits containing replied message counter.

Selection of suitable stepping program between (see
6.1 Stepping programs).

Stack

Normal

Circular 1.1.1

Circular 1.2.2

Optimal
Forced to Optimal in Auto Setup.

Normal

q(Step .Setup)

Step Sequence setting defines stepsizéWatios starting
from the smallest first step. Detected AnjAuto Setup,
checked with verify function 4Fhe alteérnatives are:
11.1.111-1.12222-141.2.33.3-1.1.24.4.4-
1.22222-1.23333;1234.44-1.2.3.6.6.6 -
1.24.4.44-1.2.4.8.8.8

Step sequence setting issusedywith optimal stepping
program, or if the step/Size ‘menitoring is on.

Step sequence is predefined with other programs and
modification request areinot then taken into account

111111

111111

1.2.4.8.8.8

Step Test: eachgstepy,can be manually connected and
disconnected.(Thisiacilitates testing of the operation of
each capacitoristep contactor. See also Bank Test.

Number of'step connections and usage hours

Total Harmonic Distortion of Current

Total Harmonic Distortion of Voltage

Contains{CT setup, and VT setup in HV applications.

Uptimes(Power On Hours)

Autematic verification of parameters. Checks C/K
value, steps and wiring. In case of an error refer to
error table, page 20.

Do not use on HV network applications!

('I:ransformers)

0.5-50 kv
10 — 400 kV

Voltage Transformer ratio setting.

1.0
60

1.0

625.0
4000

{\;\}iringi

Connections of voltage inputs.

Example : Voltage phase L2-L3

(Voltage connected between phase 2 and 3)
Detected in Auto Setup and Auto seek, checked with

verify function. See also Installation (chapter 2).

L2-L3
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Power Factor Controller NC-12

9. Technical specifications

USER’'S MANUAL

Number of steps 12
Dimensions 144 x 144 x 75 mm
Frequency 50 Hz nominal (range 48...52 Hz)

60 Hz nominal (range 58...62 Hz)

Measuring current

0...1A or 0.5A

Measuring voltage

80...690 V (nominal, max. 115%)

Displayed measuring power

100000 kVA

Nominal power consumption

13 VA

Supply voltages

110 VAC nominal, (range 88...130 %
230 VAC nominal, (range 185...265

400 VAC nominal, (range 320...4

Relay inputs/outputs

250 VAC,2 A

Display

Dot matrix display, resolution
backlighted

Protection class

IP41 front panel, IP20 rez

Target cosj -range

0,85ind ...1,00 ... 0,904

Response limits

0,01 ... 1,99, symmetsi

Reconnection delay

10...900 s

Response delay

20 % of reconnee

Displayed measurements

COSJ ’ Iact, |react, a

Installation method

Casing

Operating temperature range

Alarm log

Step counters

Fan control with dedicated relay

Alarm relay
L 4 \< ’

Phase: 1°

Distortion: +3 dB (up to 15™)
Internal temperature: +3°C

External temperature: £2°C (option)

CT setting range

25/1 ... 6000/1 or 25/5 ... 6000/5

Power outage detection

Reaction time > 15 ms

Standards

Accuracy (of FS)

IEC 61010-1
IEC 61000-6-2
IEC 61000-6-4
UL 61010A-1
IEC 60529

Communic

Modbus protocol using CCA-01 (option)

R
&
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