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Power Factor Correction Capacitors

	  

WARRANTY

If your capacitors are degraded, they no longer 
perform as they were originally designed for. 

Learn the most common failure factors and how to 
identify if your capacitors need to be replaced.
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1. INTRO
There are hundreds of thousands of power factor correction capacitors 
(PFCC) installed throughout the United States.  In most cases, the capacitors 
have little or no indication whether or not they are performing to their 
designed output power.   
When capacitors degrade, they are not performing their intended function – 
improving the efficiency of power from the point of installation back to the 
users metering point.  Simply put, the degradation of a capacitor means the 
user is very likely to see their utility bills increase over time.
This document will briefly address common causes of PFCC failures and 
how to determine if a capacitor is performing within its designed output 
power range.

2. FAILURE FACTORS
PFCC are typically designed to last about 20 years when operating within 
their design parameters.  Unfortunately, most installations expose the 
capacitors to one or more factors that cause their design limitations to be 
exceeded and, therefore significantly reducing the capacitors life expectancy.  
Many different external factors can cause capacitors to fail.  However, there 
are four common factors that have the most impact – voltage, frequency, 
temperature, and harmonics.  Each of these factors is discussed briefly 
below.  As will be seen, some of the factors by themselves do not provide 
too much concern.  In most cases, it is a combination of the four factors that 
cause the most damage to capacitors.

Voltage
Capacitors are designed for a specific operating voltage. A voltage applied to 
a capacitor that is lower than the intended operating voltage will not damage 
the capacitor.  The only impact to the user is the loss of intended power 
factor correction.

A voltage applied to a capacitor that is higher than the intended operating 
voltage may cause damage to the capacitor since the design limits may be 
exceeded.  When the voltage design limits are exceeded, the capacitor will 
start losing its capacitance and therefore will eventually become ineffective 
in correcting power factor.

Frequency
Like voltage, capacitors are designed to operate at a specific frequency. 
Fortunately, in the United States, the output frequency, 60HZ, in most parts 
of the country is very stable.  As a result, variations in frequency alone do 
not have a large impact on capacitor failures. However, if the input frequency 
is above the rated frequency AND the output voltage exceeds the rated 
operating voltage, the effects of frequency can further accelerate the rate of 
capacitor failures.  

Like voltage, a lower than rated frequency will not damage the capacitor.  
The lower frequency will simply produce less power factor correction than 
intended.  If frequency is above the intended operating value, the output 
power will increase by the same proportional percent as the frequency.  
Again, frequency is normally well controlled within one percent of intended 
output, so alone the increase is not too concerning. It is the compounding 
affect with increased voltage that causes further capacitor degradation.

Temperature
Like most electrical devices, capacitors are designed to operating within 
a specified ambient temperature range.  Ambient temperature means the 
temperature surrounding the capacitor.

 For power factor correction capacitors, the maximum operating voltage is 
typically 40oC or 104oF.  Higher than rated temperatures surrounding the 
equipment can cause the inside to heat up excessively and, therefore cause 
premature degradation or failure of internal electrical conducting material.  
When this happens, the capacitor, once again, no longer produces the 
intended power factor correction.

It is important to note that even though the room temperature may be 
reasonable, say 80oF, if a capacitor is installed directly next to a heat 
generating device, the temperature surrounding the capacitor can quickly 
exceed its design temperature rating.  This is important because all too 
often a user will say “my room temperature is only 80oF so the temperature 
cannot be a problem”, only to find out later the capacitor was installed next 
to the heat exhaust of another piece of equipment… ooops! 
It is always best to obtain as much information as possible about the 
capacitors installation location and process/equipment surrounding the 
capacitor.

Harmonics
Harmonics can be very complicated.  In simple terms, harmonics are high 
frequency electrical noises that are added to the intended operating voltage 
and current of electrical equipment.
These extra voltages and currents are not normally accounted for when the 
electrical equipment is designed.  As a result, when an electrical device is 
subjected to these extra currents and voltages, they begin to degrade and 
become damaged, often to the point of complete breakdown and failure.

Capacitors are especially susceptible to these high frequency noises 
because by nature, the capacitors tend to ‘absorb’ higher frequencies. When 
capacitors absorb these higher frequencies, they quickly become overloaded 
and can fail very rapidly. Harmonics are probably by far the most detrimental 
factor in causing PFCC failures.

There are many common electrical devices that cause harmonics including 
electronic lighting ballasts, computers, and uninterruptible power supplies.  
By far, electronic motor starters such as softstarters and variable frequency 
drives (VFD’s), cause the most havoc with capacitors.

The reason softstarters and VFD’s cause the most problems is simply 
because there are normally a much larger part of the system load in an 
industrial facility than any of the other devices.  This means they contribute 
much more and much larger magnitudes of frequency noise than all the 
other devices combined.
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3. CHECKING FOR PFCC DEGRADATION
Now that you have an understanding of the primary causes of PFCC failures, 
let’s look at the two primary methods for checking whether or not a PFCC is 
operating within its designed operating range:
- Current measurements;   and/or
- Capacitance measurements.
Either method is just as effective, but since harmonics can have an effect on 
true RMS current measurements, it is recommended that both methods be 
used for validity.

Current Measurements
Measuring capacitor currents is easy and the results can be compared to the 
chart in Appendix A.  It is important to use the correct voltage chart based on 
the voltage listed on the capacitor nameplate.  The charts include expected 
current measurements for common KVAR ratings at 208, 240, 480, and 600V, 
all 60Hz.

The electrician should measure and record the 
primary current of each phase of the capacitor.  
If multiple capacitors exist in the design, the 
current measurement should be made at the 

main power distribution device so that the 
total current of each phase is measured.  The 
intent is to measure the total design current not 
individual currents of each capacitor element.  
See Figure 1 for proper measurement locations.

Figure 1 – Current Measurement Location

If the current measurement for any phase is lower than the range shown in the 
charts in Appendix A, the capacitor has experienced degradation and should be 
replaced. 
 If the current measurement for any phase is higher than the range shown 
in the charts in Appendix A, the capacitor should be disconnected and the 

capacitance should be checked as described 
below and referenced in Appendix B.  If 

the capacitance is within the range listed 
in Appendix B, it will soon begin to lose 
capacitance and/or could experience detrimental 
failure if it is allowed to continue to operate in 
this kind of environment.

Capacitance Measurements
Capacitance measurements can be made by most modern multimeters.  The 
meter must have the ability to read capacitance up to 2500uF as a minimum.
The electrician should make three capacitance measurements (phases 
‘A-B’, ‘A-C’ and ‘B-C’), at the main power distribution device so that the 
total capacitance is measured.  The intent is to measure the total design 
capacitance not individual capacitances of each capacitor element.  See Figure 
2 for proper measurement locations.

Figure 2 – Capacitance Measurement Location

The measurements can be compared to the range listed on the charts listed 
in Appendix B.  Again, it is important to use the correct voltage chart since 
capacitance for the same output power will vary depending on voltage.
IEEE Std. 18 is one of several electrical standards that address PFCC designs.  
IEEE Std. 18 limits designed capacitance for each KVAR to the ranges listed in 
the charts.  
The electrician should never see a reading greater than those listed.  If the 
readings are higher, then the capacitor nameplate data is wrong or was 
misread. If the capacitance measurements are lower than shown in the charts 
in Appendix B, the PFCC has degraded and should be replaced.

4. CONCLUSION
In either case, low current measurements or low capacitance, the capacitor is 
likely experiencing:
•	 High	voltage
•	 High	frequency
•	 High	harmonics
•	 High	temperature	
or a combination of all of these
When a facility experiences the loss of multiple capacitors, there is a very high 
probability that one or more of these four conditions are present. 
Before the capacitors are replaced, the operating conditions should be further 
investigated to ensure it is safe to add capacitors back to the customers’ 
electrical system.  In many cases where these conditions exist, customized 
power quality solutions can be developed to solve the issues creating the 
capacitor failures while allowing the capacitors to perform their intended 
CFW-11
Motor Torque Surface Winder (v.1.10)

Note:  Additional files are being added each day!  Please check the 
website for the most current Communication Configuration files.

Measure current at these points or on 
capacitor leads connected to up-

stream disconnect device

Measure capacitance
 at these points
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CURRENT MEASUREMENTS

208V 240V 480V 600V

KVAR Min Max Min Max Min Max Min Max

0.5  1.4  1.6  1.2  1.4  0.6  0.7  0.5  0.6 

1.0  2.8  3.2  2.4  2.8  1.2  1.4  1.0  1.1 

1.5  4.2  4.8  3.6  4.1  1.8  2.1  1.4  1.7 

2.0  5.6  6.4  4.8  5.5  2.4  2.8  1.9  2.2 

3.0  8.3  9.6  7.2  8.3  3.6  4.1  2.9  3.3 

4.0  11.1  12.8  9.6  11.1  4.8  5.5  3.8  4.4 

5.0  13.9  16.0  12.0  13.8  6.0  6.9  4.8  5.5 

7.5  20.8  23.9  18.0  20.7  9.0  10.4  7.2  8.3 

10.0  27.8  31.9  24.1  27.7  12.0  13.8  9.6  11.1 

12.5  34.7  39.9  30.1  34.6  15.0  17.3  12.0  13.8 

15.0  41.6  47.9  36.1  41.5  18.0  20.7  14.4  16.6 

17.5  48.6  55.9  42.1  48.4  21.0  24.2  16.8  19.4 

20.0  55.5  63.8  48.1  55.3  24.1  27.7  19.2  22.1 

22.5  62.5  71.8  54.1  62.2  27.1  31.1  21.7  24.9 

25.0  69.4  79.8  60.1  69.2  30.1  34.6  24.1  27.7 

27.5  76.3  87.8  66.2  76.1  33.1  38.0  26.5  30.4 

30.0  83.3  95.8  72.2  83.0  36.1  41.5  28.9  33.2 

35.0  97.2  111.7  84.2  96.8  42.1  48.4  33.7  38.7 

40.0  111.0  127.7  96.2  110.7  48.1  55.3  38.5  44.3 

45.0  124.9  143.6  108.3  124.5  54.1  62.2  43.3  49.8 

50.0  138.8  159.6  120.3  138.3  60.1  69.2  48.1  55.3 

55.0  152.7  175.6  132.3  152.2  66.2  76.1  52.9  60.9 

60.0  166.5  191.5  144.3  166.0  72.2  83.0  57.7  66.4 

65.0  180.4  207.5  156.4  179.8  78.2  89.9  62.5  71.9 

70.0  194.3  223.5  168.4  193.7  84.2  96.8  67.4  77.5 

75.0  208.2  239.4  180.4  207.5  90.2  103.7  72.2  83.0 

80.0  222.1  255.4  192.5  221.3  96.2  110.7  77.0  88.5 

85.0  235.9  271.3  204.5  235.2  102.2  117.6  81.8  94.1 

90.0  249.8  287.3  216.5  249.0  108.3  124.5  86.6  99.6 

95.0  263.7  303.3  228.5  262.8  114.3  131.4  91.4  105.1 

100.0  277.6  319.2  240.6  276.7  120.3  138.3  96.2  110.7 

Note:  All measurements are in amps

APPENDIX A
WEG Power Factor Correction Capacitors
Current Measurement
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APPENDIX B
WEG Power Factor Correction Capacitors
Capacitance Measurements

CAPACITANCE MEASUREMENTS

208V 240V 480V 600V

KVAR Min Max Min Max Min Max Min Max

0.5  15.3  17.6  11.5  13.2  2.9  3.3  1.8  2.1 

1.0  30.7  35.3  23.0  26.5  5.8  6.6  3.7  4.2 

1.5  46.0  52.9  34.5  39.7  8.6  9.9  5.5  6.4 

2.0  61.3  70.5  46.1  53.0  11.5  13.2  7.4  8.5 

3.0  92.0  105.8  69.1  79.4  17.3  19.9  11.1  12.7 

4.0  122.6  141.0  92.1  105.9  23.0  26.5  14.7  16.9 

5.0  153.3  176.3  115.1  132.4  28.8  33.1  18.4  21.2 

7.5  229.9  264.4  172.7  198.6  43.2  49.6  27.6  31.8 

10.0  306.6  352.5  230.3  264.8  57.6  66.2  36.8  42.4 

12.5  383.2  440.7  287.8  331.0  72.0  82.7  46.1  53.0 

15.0  459.8  528.8  345.4  397.2  86.3  99.3  55.3  63.6 

17.5  536.5  616.9  403.0  463.4  100.7  115.8  64.5  74.1 

20.0  613.1  705.1  460.5  529.6  115.1  132.4  73.7  84.7 

22.5  689.8  793.2  518.1  595.8  129.5  148.9  82.9  95.3 

25.0  766.4  881.4  575.6  662.0  143.9  165.5  92.1  105.9 

27.5  843.0  969.5  633.2  728.2  158.3  182.0  101.3  116.5 

30.0  919.7  1,057.6  690.8  794.4  172.7  198.6  110.5  127.1 

35.0  1,073.0  1,233.9  805.9  926.8  201.5  231.7  128.9  148.3 

40.0  1,226.2  1,410.2  921.0  1,059.2  230.3  264.8  147.4  169.5 

45.0  1,379.5  1,586.4  1,036.2  1,191.6  259.0  297.9  165.8  190.7 

50.0  1,532.8  1,762.7  1,151.3  1,324.0  287.8  331.0  184.2  211.8 

55.0  1,686.1  1,939.0  1,266.4  1,456.4  316.6  364.1  202.6  233.0 

60.0  1,839.3  2,115.2  1,381.6  1,588.8  345.4  397.2  221.0  254.2 

65.0  1,992.6  2,291.5  1,496.7  1,721.2  374.2  430.3  239.5  275.4 

70.0  2,145.9  2,467.8  1,611.8  1,853.6  403.0  463.4  257.9  296.6 

75.0  2,299.2  2,644.1  1,726.9  1,986.0  431.7  496.5  276.3  317.8 

80.0  2,452.5  2,820.3  1,842.1  2,118.4  460.5  529.6  294.7  338.9 

85.0  2,605.7  2,996.6  1,957.2  2,250.8  489.3  562.7  313.2  360.1 

90.0  2,759.0  3,172.9  2,072.3  2,383.2  518.1  595.8  331.6  381.3 

95.0  2,912.3  3,349.1  2,187.5  2,515.6  546.9  628.9  350.0  402.5 

100.0  3,065.6  3,525.4  2,302.6  2,648.0  575.6  662.0  368.4  423.7 

Note:  All measurements are in uF
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Notes



WEG Electric improving Plant Life 
with Power Factor Correction Capacitors

Reduce Utility Costs - improved Power Factor can 
reduce or eliminate Power Factor penalties from 
Utility Co.

Improve System Capacity - additional loads can be 
added to the facility for the same KVA.

Reduce Capital Spending - utilize existing 
infrastructure.

Increase the Life Span of motors, equipment, and 
conductors.

Is your company doing its part to be Energy Efficient?

Your World
Your Energy
Go Green 
with WEG

ISO 14001 - 
Environmental Management 

System Certification

To learn more about WEG’s products and solutions or to contact your local WEG Sales 
Representative, please call 1-800-ASK-4WEG or visit www.weg.net/us.

©2012 WEG Electric Corp.
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WEG Electric Corp. offers the following products, and more! With a full range 
of IEC/NEMA Global Certifications and a full line of products, WEG can supply 
the right solution for your needs anywhere in the world. To learn more about 
WEG’s products and solutions or to locate a Distributor near you, please call 
1-800-ASK-4WEG or visit www.weg.net/us.

Low Voltage Motors, 

Single and 3-Phase, 1/8 – 700HP

General Purpose Motors

Explosion Proof Motors

Crusher Duty Motors

IEC Tru-Metric Motors

Pump Motors including JP/JM

P-Base Pump Motors

Oil Well Pumping Motors

Pool & Spa Motors

Brake Motors

Compressor Duty Motors

Farm Duty Motors

Poultry Fan Motors

Auger Drive Motors

IEEE 841 Motors

Stainless Steel Wash Down Motors

Saw Arbor Motors

Cooling Tower Motors

Commercial HVAC Motors

Pad Mounted Motors

Vector Duty Motors

Large Electric Motors

Low Voltage 3-phase motors up to 
2,500HP

Motors up to 70,000HP and 13,200V

Wound Rotor Systems (including starters) 
up to 70,000HP and 13,200V

Synchronous Motors up to 70,000HP and 
13,200V

Explosion proof motors (Ex-d) up to 
1,500kW and 11kV

Ex-n, Ex-e, Ex-p motors

Variable Frequency Drives

Low Voltage 1/4 to 2500HP, 230V – 480V

Medium Voltage 500-8000HP

Multi-pump systems

NEMA 4X

Dynamic braking resistors

Line and load reactors

Plug and play technology

Network communications: Profibus-DP, 
DeviceNet, Modbus-RTU

PLC functions integrated

Complete line of options and accessories

Soft Starters

3-1500HP

Oriented start-up

Built-in bypass contactor

Universal source voltage (230-575V, 
50/60Hz)

Network communications: Profibus-DP, 
DeviceNet, Modbus-RTU

Complete Line of options and accessories

MV Soft-starter 3.3kV, 41.6kV: up to

3500HP, Withdrawable Power Stacks, & 8x 
PT100 Temperature monitoring

Controls

Mini – Contactors

IEC Contactors

Thermal Overload Relays

Manual Motor Protectors

Molded Case Circuit Breakers

Smart Relays

Enclosed Starters: combination & non-
combination, 

Pushbuttons & Pilot Lights

Timing & Motor Protection Relays

Terminal Blocks

Custom Panels

Custom configured to your specification.

NEMA 1, 12, 3R, 4 and 4X cabinets

Quick delivery of preconfigured drives

and soft starters

UL 508 certified

Low Voltage (230-460)

Made in the U.S.A.

Generators

Brushless Synchronous Generators for 
diesel gen-sets up to 4,200kVA

Hydro-generators up to 25,000kVA

Turbo-generators up to 62,500kVA

Power Transformers

Built and engineered in North America

Voltages < 500kV

Ratings 5-300MVA

Station class, oil filled, round core, copper 
windings

Special configurations and designs 
available! 

Ask your WEG Sales Representative for 
details.

Designed, built, and engineered to ANSI 
standards.

Custom Solution Package Sales

WEG can package any of its products for 
ease of sale! Enjoy a single point of contact 
for the entire package of products and 
assistance from quote through after-sales 
support. Ask your WEG Sales 
Representative for details.


