
1

Internal

Panel Building recommendations 
for Low Voltage Power Factor Correction panels

PQ Offer Marketing
Jan 2015

Version 2



2

Internal

Confidential Property of Schneider Electric

Capacitors offer transition
2004 - 2014 



3-Schneider Electric – Partner/ECO BU - PQ Marketing – Jayajith EK- OCT 2013 
Internal

LV Capacitors Offer Evolution 

230V – 690V
1-20kvar 

Varplus2

230V – 690V
1-20kvar 

Varplus2

230V – 690V
1-30kvar 

VarplusCan

230V – 830V
1-50kvar 

VarplusCan HDY

230V – 525V
1-30kvar 

VarplusCan SDY

230V – 525V
1-30kvar Annual Sales : 

70k Pcs

Up to 2009 2009 - 2010 2011 - 2013 2014 onwards

EasyCan

230V – 830V
1-50kvar 

VarPlus

Annual Sales : 

120k Pcs Annual Sales : 

270k Pcs
Annual Sales : 

410k Pcs
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The LV capacitor offer story

VarplusBox Compact

SpArrow

Varplus 2

VarPlus Can / EasyCan / VarPlus Box

2006 2013201020092004

Varplus M

2011 2012

Varplus 2 Capacitors are discontinued in 2012 after the successful launch of  VarPlus 
Can and EasyCan range of  capacitors 

100% Acquisition of  a brand which has 
15 years market experience in 2009

Installed base of  
1Million units 

across the globe in 
Schneider brand



Schneider Electric 5- Division - Name – Date 
Internal

Technical differentiation between VarPlus and EasyCan 
Electrical parameters 

Parameter EasyCan VarPlus

Over Current Handling Capacity
1.5 X IN 1.8 X IN

Life Expectancy 100,000 Hrs 130,000 Hrs

Number of  Operations / year 5000 7000
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Offer Selection Criteria
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Selection of  Detuned reactors
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Selection of  detuning reactors

The detuning reactors are designed to protect the capacitors and
prevent amplification of the harmonics present in the network.

Incorrect selection of tuning order can result in 
amplification of system harmonics.

Tuning frequency must be chosen according to the harmonic frequencies present on the installation 
(tuning frequency must always be lower than the harmonic spectrum)
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Why detuned reactor ? 

Considered system condition for simulation

Results of  Harmonic Spectrum after compensation
1. Using Capacitors without Detuned reactors 

Harmonic 
amplification

2. Using Capacitors with 14% Detuned reactors 

No 
Amplification
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Selection of  detuning reactors where 3rd harmonic 
current is predominant 

215 Hz

189 Hz

135 Hz
Tuning 
Frequency

3rd

Harmonic 
component 
before

3rd

Harmonic 
component 
after

THD V 
before

TDH 
V 
after

215Hz (5.7%) 1.87 2.55 6.95 5.08

190Hz ( 7%) 1.87 2.89 6.95 5.81

135Hz (14%) 1.87 1.22 6.95 6.12
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Selection of  detuning reactors where 5th harmonic 
current is predominant 

215 Hz

189 Hz

135 Hz
Tuning 
Frequency

5th

Harmonic 
component 
before

5th

Harmonic 
component 
after

THD V 
before

TDH V 
after

215Hz (5.7%) 5.9 2.35 8.18 4.43

190Hz ( 7%) 5.9 3.44 8.18 5.4

135Hz (14%) 5.9 4.92 8.18 6.97
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Designed Harmonic levels for different tuning orders

The following table gives the typical percentage of  harmonic currents 
considered for the different tuning orders.

In order to operate safely in real conditions, a detuned reactor must be designed
to accept a maximum permanent current (IMP) taking account of  harmonic  
currents and voltage fluctuations
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What will happen if  a wrong capacitor is selected with D.R
Scenario 1
With proper capacitor selection System:

Linear Loads : 700KVA , Cos Phi=0.8
Non Linear Loads : 413 KW, Cos Phi =0.95 
Harmonic Currents : 5th Harmonic Predominant

Suggested PF Correction solution: 400kvar with 7%(3.8) D.R
Steps : 25, 25, 50, 100,100,100
Capacitors to be uses : 34kvar, 480V , for 25 kvar step X 16 units
Delivered Kvar at 400V by Cap + DR = 400kvar

Desired tuning frequency =190 Hz
Actual Tuning frequency  = 190Hz

Tuning 
Frequency

Delivere
d Kvar at 
400V

5th

Harmonic 
compone
nt before

5th

Harmonic 
componen
t after

THD V 
before

TDH 
V 
after

Capacit
or+ D.R 
Current

400kvar, 7% 400kvar 5.37 3.53 7.45 5.41 1.12
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What will happen if  a wrong capacitor is selected with D.R 
With a wrong capacitor selection

Tuning 
Frequency

Delivere
d Kvar at 
400V

5th

Harmonic 
compone
nt before

5th

Harmonic 
componen
t after

THD V 
before

TDH 
V 
after

Capacit
or+ D.R 
Current

400kvar, 7% 240kvar 5.37 1.56 7.45 4.24 1.35

System:
Linear Loads : 700KVA , Cos Phi=0.8
Non Linear Loads : 413 KW, Cos Phi =0.95 
Harmonic Currents : 5th Harmonic Predominant

Suggested PF Correction solution: 400kvar with 7% D.R
Steps : 25, 25, 50, 100,100,100
Capacitors Selected : 25kvar, 480V , for 25 kvar step X 16 units
Delivered Kvar at 400V by Cap + DR = 240 kvar

Desired tuning frequency =190 Hz
Actual Tuning frequency  = 239Hz

Detuned reactor act almost like a  tuned reactor for 5th

harmonic and draw 30% current leading to failure



19

Internal

Confidential Property of Schneider Electric

Where to install detuned reactor ?

Ventilation needed for detuned reactors Spacing of detuned reactors in a panel
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Capacitor selection with detuned reactor

Why do we select capacitor with higher rated voltage than network voltage ?
Detuned Reactor ( Inductor ) will induce voltage and the voltage seen by capacitor will 

increase 

Uc = Us – [ Us* ZL  / ( ZL+ZC) ] ---- (1)

P = |ZL |  / | Zc |

ZL = -P Zc - See the derivation here 

Apply this in the formula (1)

Uc = Us/(1-P)

Example :
In a 440V network by using a 7% detuned reactor the voltage induced in the 

capacitor is = 440/(1-7%) = 440/.93 = 473V 

Hence we will select capacitor above 473V.

US

UC
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Capacitor selection with detuned reactor
Capacitor rating selection .

Qc = Power delivered from capacitor at Supply voltage (Us) = Qs X (1-P )

QN = Rated power of capacitor at capacitor rated voltage (UN) = Qc X (UN / US )2

Example :

Case: We need a compensation of 25kvar in a 440V network by using a capacitor and 
5.7% detuned reactor . 

Qc = Qs X (1-P )
= 25 X (1-5.7% ) 
= 25 X .947 = 23.68 kvar @ Us

Uc = Us/(1-P)
= 440 / (1-5.7% ) 
= 440 / .947 = 464.62V 

UN > 465V and we can select 480V ; Hence UN = 480V

QN = Rated power of capacitor at capacitor rated voltage (UN) = Qc X (UN / US ) 2

QN = 23.68 X ( 480/440 ) 2  = 28.1 kvar

Hence you can select MEHVCHDY281A48 ; VarPlus Can HDY, 28.1kvar @ 480V 50Hz
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UN
-----

US

2

XXQS (1-P )( )QN =

Capacitor selection with detuned reactor
Summary

USUN (Minimum)  Should be next 
available voltage rating above  (1-P )

Select the capacitor of  QN power at UN Rated 
Voltage
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Basics of  Design and Installation rules
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Blokset Certificate 
PFC Panel
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Clause 5.0: Guide for design, installation, operation and 
safety
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Clause 5.3.2: Free standing power factor correction 
system
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Selection of  Breakers and Contactors

Schneider Electric highly recommends individual MCCB
step protection in PFC Panels to protect the steps from 
over current as well as short circuit

Schneider Electric recommends our specially designed capacitor 
duty contactor for usage in installation where capacitors are used 
alone to prevent inrush current

Schneider Electric recommends normal power contactor for usage in 
installation where capacitors are used with detuned reactors as detuned 
reactors act as a inrush current limiter too
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Breaker / Contactor Sizing 

In: Fundamental current of the capacitor bank

Breakers and contactors should be sized for 

1.43~1.5 times the rated fundamental 
current of  capacitor bank/step
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Over load relay setting in MCCB

1. When used with Capacitors alone 

Over load relay setting = 1.3 X In 

2. When used with Detuned reactors

Over load relay setting = Maximum permissible ( permanent ) current of  the detuned reactor
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Over load relay setting in MCCB
Example
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PFC design considerations

The failure of  capacitor banks can be due to non compliance with any of  the 
following design considerations.

> Discharge Time (Clause 22, IEC 60831 – 75V in 3 Minutes)
> Temperature (Clause 4.1, IEC 60831 – Class D, 55 deg ambient)
> Temperature De-rating
> Ventilation requirement 
> Overvoltage Condition (Clause 5.3.5 IEC 61921) 
> Resonance Condition
> Over Load (Clause 5.3.7 IEC 61921 – Continuous current – 1.3 times)
> IP (Clause 5.3.8 IEC 61921 – IP 20 for Indoor Application)
> Physical location of  components and Accessibility (Clause 5.3.9 IEC 61921)
> Protection & Alarms (Clause 5.5.3 / 5.5.4, IEC 61921 – Fire Hazard)
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Discharge Time
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Temperature Category
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Ventilation System
The ventilation rules discussed here are valid under normal operating
conditions. They ensure that the temperatures within the cubicles do not
exceed the maximum temperatures to which the components can be
subjected. The rules provide for an average delta T of 10 to 15 °C between
the outside and inside of the cubicle.
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Ventilation System design
Selection of  Fan
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How many fans need to be used for a given capacitor panel ?

Maximum throughput of  fans required for a capacitor panel
= 0.3 X Total power dissipated by the panel

Example 1: 
200kvar panel with out detuned reactors 
Total Power dissipated by panel = 200 X 2.5w/kvar = 500W / Panel
Maximum through put of  Fan required = 0.3 X 500 = 150 M3/h
User can use one fan of  165 M3/h for this panel.

Example 1:  
200kvar panel with detuned reactors 
Total Power dissipated by panel = 200 X 9.0w/kvar = 1800W / Panel
Maximum through put of  Fan required = 0.3 X 1800 = 540 M3/h
User can use two fans , of  300 M3/h

Ventilation System design

Air Inlet
Up to a power of  
100 kvar panel need 
to have air inlet of  
100CM2. 

From 100-200kvar 
panel need to have 
air inlet of  200CM2. 

Above 200kvar 
panel need to have 
multiple air inlet of  
200CM2. 
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Ventilation system with out detuned reactors
Losses in Capacitor Banks without reactors : Capacitors, contactors, breakers / fuses and
electrical connections dissipate 2.5 W/ kvar. With out detuned reactors.
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Ventilation system with detuned reactors
Losses in Capacitor Banks with reactors : Capacitors, contactors, breakers / fuses and electrical
connections dissipate 9 W/ kvar. With detuned reactors.
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Power losses in detuned reactors

> The losses from reactors of 7%(3.8) in a 450KVAR capacitor bank with stage rating of 2 x 25 + 8 x 50 
KVAR would be :2X200+8X320 = 2960 Watts

> The losses from reactors 7%(3.8) in a 450KVAR capacitor bank with stage rating of 1 x 50 + 4 x 100 
KVAR would be :1X320+4X480=2240 Watts

25% less losses
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Step optimization in APFC panel.
Reducing the mechanical steps to all electrical steps. 1/2
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Step optimization in APFC panel.
Reducing the mechanical steps to all electrical steps. 2/2

Solution 2 will be much efficient , 
cost effective and compact 
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20NM
tightening torque 

Capacitors installation rules
Installation and mounting
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Capacitors installation rules
Installation and mounting
Installation of stud type 
capacitor in horizontal 
mounting

How to parallel capacitors ( Eg: to 
make 50 kvar step from 2 25 kvar
capacitor )
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Capacitors installation rules
Cable selection

kvar
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Derating for an ambient temperature 50 °C

The following precautions must be taken:

• Ventilation must be forced, irrespective of the power, and the ventilation rate 
increased by 25 % 
• For capacitor banks with Reactors : Air Flow = (m3/h) = 0.3 x Ps x 1.25
• The capacitor unit  voltage must be higher than that normally required (minimum 10 
% higher than that specified by the normal rating, Typically 550V and above)
• The contactors must be derated, the operating current must be increased by 10 % 
with respect to the maximum constant current of the step. 

Example: 50 kvar 415 V step, rated current = 69.5 A: Imax = 1.5 x 69.5 = 104.3 A.
At a maximum ambient temperature of 50 °C, the contactor must be able to accept a 
current of 104.3 x 1.1 = 114.7 A

• The cables must be appropriate for a current of at least 1.5 times the rated current of
the capacitor at a minimum temperature of 60 °C.
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Overvoltage Condition
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Over Load Condition
Use MCCB not fuses 
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Harmonic distortion

The capacitive reactance decreases with frequency, the
capacitors, therefore, acts as a sink for higher harmonic
currents. This increases the heating and dielectric stresses in
capacitors. The result of increased heating and voltage stress
due to harmonics results in a shortened capacitor life.
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LV Capacitor bank-Installation

For more detail on
Installation rules ,please 
Refer 2012 LV PFC PB Guide
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Standard Examples
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Maximum of 200KVAR with de-tuning reactors !!!
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Pre Commissioning, Commissioning & 
Periodic Maintenance
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Pre-Commissioning
Check list – 1 – for Capacitors
The following points should be verified before charging capacitor banks 
installed in APFC panel.
 Capacitor voltage rating is equal to or more than the maximum voltage recorded in the 
installation
Capacitor is mounted and installed as per mounting and installation guidelines in this document
 The plant has the facility to trip the capacitor under over voltage conditions.(10%)
Ensure each capacitor bank is provided with suitable protection devices.
Suitable inrush current device is connected in series with contactor to limit the inrush current or 

capacitor duty contactor is connected.
Capacitor is installed in the area free from entry of  dust, chemical fumes and rain water. PF 

Controller provided in the panel should be set for 60 seconds On-delay. (Not applicable for 
capacitors used with the fast switching devices - Static Switched )

 The capacitor with detuned reactor banks are provided with MCCB for protection apart from 
above points. Use the switchgear selection guidelines for selection of  breaker.



63

Internal

Confidential Property of Schneider Electric

Pre-Commissioning
Check list – 2 – for  APFC Panel
Following points are required to be verified before charging APFC panel.

All the electrical connection is checked for loose termination in the panel.
The CT is located before the cable connection of  APFC panel towards source / main breaker of  
installation. Ensure the CTs are
connected to the PF Controller.
It is suggested to mount measurement C.T of  the APFC Relay on the Highest current carrying 
phase ( Eg: R ) and the Voltage input for the relay is taken from other two phases ( Eg: YB ) . This 
is not applicable for a three phase sensing APFC relays.
Neutral cable is connected to the panel.
Current carrying capacity of  cable in the APFC panel is rated equal to incomer switch current 
rating.
Capacitor terminals are checked for any loose connection.
Earthing bus is connected to the panel.
All the control fuses are intact.
If  MCBs are used for step protection make sure they are switched on.
Emergency push button is released.
Panel are installed in the area free from entry of  dust, chemical fumes and rain water.
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Pre-Commissioning
Check list – 3 – for  Capacitors with Detuned reactor 
Verify the following points in the installation before commissioning 
capacitor with detuned reactor banks.
Capacitor banks without reactor should not be permitted on the secondary side of  transformer 

circuit which is having capacitor + Detuned reactor banks connected. In this case please 
remove capacitors without reactors from the same network.

Capacitors used with reactors are always of  higher voltage than network voltage. Please do not 
use normal capacitor rated for network voltage.

 Earthling should be done at capacitors and reactors separately.
Make sure all the cable and termination guidelines are followed.
 Forced cross ventilation should be provided in the installation area. If  the filter banks are 

installed inside the panel the fans need to be provided.
Detuned reactors are provided with thermal protection, the Normally Closed (NC) dry contact 

must be used to disconnect the step in the event of  overheating.
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Commissioning
Following points are required to be verified before commissioning APFC 
panel.

Connect the 3-phase incoming cable to the Incoming terminal of  the Incomer Switch / Circuit 
breaker of  the APFC panel.
If  the APFC controller / relay are programmable type, program the various settings as per 
instructions given in the respective instruction manual.
Ensure that the CT shorting links are removed after the CT secondary connections are made 
properly.
Keep the Auto /off  / Manual selector switch in the Auto position.
Ensure that the power supply to the Incomer switch is ‘ON’ from the glowing of  the indicating 
lamps ‘R’, ‘Y’, and ‘B’. Cross check the system voltage.
Switch “ON” the Incomer SFU / MCCB / ACB of  the APFC Panel.
The APFC relay will be energized and displays the present power factor, when R-Phase load CT 
connections and phase sequence of  voltage (Y & B) are correct.
Note: Before interchanging the C.T. secondary wires, ensure that the terminals of  the 
C.T. are shorted by a small wire, which should be removed after the inter change.
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Periodic Maintenance

The following periodic checks are recommended to be conducted
> Visual check of  components and current carrying parts,especially bus bar.
> Check tightness of  all electrical connections.
> Check current drawn by the individual capacitor steps.
> Check the operation of  contactors manually by switching of  theAPFC 

equipment
> Visually check for rust and corrosions in bolts, nuts and other accessories
> Visually check for the sparks and burn outs in the panels.



67

Internal

Confidential Property of Schneider Electric

Others
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Site Tests – Inspection & Operations
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Site Tests – Inspection & Operations
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Failure Analysis - Background

> Failure of capacitors - major concern – with Utilities and Consultants.
> In majority of the cases, the failures are due to non compliance with the 

design guidelines of the original equipment manufacturer.
> Assembled capacitor bank are of non type tested design.
> Lack of knowledge of IEC 61921: Power Capacitors – Low voltage power 

factor correction banks.
> Components from various manufacturers are MIXED which dilutes the design / 

performance responsibility.
> De tuning reactors for de tuning are often referred to as harmonic filters.
> Limited space is often sighted as the reason for proposing super compact 

designs.
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Failure Analysis : Case-1

> Ventilation inadequate
> Lack of clearance between the reactors.
> No over temperature & over load protection.
> Non Type tested design.
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Failure Analysis : Case-2

> Ventilation inadequate 
> Lack of clearance between 

the reactors.
> No over temperature & over 

load protection.
> Component Mix.
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For detailed information

> Reactive Energy Management – Low Voltage Components – Catalog 2014
PFCED310003EN_2014(print).pdf

> Guide for the Design and Production of LV Power Factor Correction Cubicles
2012 01 LV PFC PB Guide (print).pdf
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Relevant Standards
> IEC 60831 - Shunt power capacitors of the self healing for a.c. systems up to 1000V
> IEC 61642 - Application of filters and shunt capacitors for industrial a.c. networks affected by harmonics
> IEC 61921 - Power capacitors-low voltage power factor correction capacitor banks

> http://www.schneider-electric.com
> https://www.solution-toolbox.schneider-electric.com/segment-solutions
> http://engineering.electrical-equipment.org/
> http://www.electrical-installation.org

> Electrical Installation Guide.
> Expert Guide n°4: "Harmonic detection & filtering".
> Expert Guide n°6: "Power Factor Correction and Harmonic Filtering Guide"
> Technical Guide 152: "Harmonic disturbances in networks, and their treatment".
> White paper: controlling the impact of Power Factor and Harmonics on Energy Efficiency.

Relevant websites

Relevant documents published by Schneider Electric

http://www.electrical-installation.org/

	Panel Building recommendations �for Low Voltage Power Factor Correction panels�
	Capacitors offer transition�2004 - 2014 
	LV Capacitors Offer Evolution 
	The LV capacitor offer story
	Technical differentiation between VarPlus and EasyCan �Electrical parameters 
	Offer Selection Criteria
	Selection of Detuned reactors
	Selection of detuning reactors
	Why detuned reactor ? 
	Selection of detuning reactors where 3rd harmonic current is predominant 
	Selection of detuning reactors where 5th harmonic current is predominant 
	Designed Harmonic levels for different tuning orders
	What will happen if a wrong capacitor is selected with D.R�Scenario 1�With proper capacitor selection
	What will happen if a wrong capacitor is selected with D.R �With a wrong capacitor selection
	Where to install detuned reactor ?
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Capacitor selection with detuned reactor
	Capacitor selection with detuned reactor
	Capacitor selection with detuned reactor��Summary
	Basics of Design and Installation rules
	Blokset Certificate �PFC Panel
	Clause 5.0: Guide for design, installation, operation and safety
	Clause 5.3.2: Free standing power factor correction system
	Selection of Breakers and Contactors
	Breaker / Contactor Sizing 
	Over load relay setting in MCCB
	Over load relay setting in MCCB�Example
	PFC design considerations
	Discharge Time 
	Temperature Category
	Ventilation System
	Ventilation System design� Selection of Fan
	Ventilation System design
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Power losses in detuned reactors
	Step optimization in APFC panel.�Reducing the mechanical steps to all electrical steps.
	Step optimization in APFC panel.�Reducing the mechanical steps to all electrical steps.
	Capacitors installation rules� Installation and mounting
	Capacitors installation rules�Installation and mounting
	Capacitors installation rules�Cable selection
	Derating for an ambient temperature 50 °C
	Overvoltage Condition 
	Over Load Condition�Use MCCB not fuses 
	Harmonic distortion
	LV Capacitor bank-Installation
	Standard Examples
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Pre Commissioning, Commissioning & Periodic Maintenance
	Pre-Commissioning
	Pre-Commissioning
	Pre-Commissioning
	Commissioning
	Periodic Maintenance
	Others
	Site Tests – Inspection & Operations
	Site Tests – Inspection & Operations
	Failure Analysis - Background
	Failure Analysis : Case-1
	Failure Analysis : Case-2
	Slide Number 73
	For detailed information
	Relevant Standards

