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Introduction

• IEEE Std. 519-1992 [1] Sec. 6 stated that 

power electronics, especially IT equipment 

are susceptible to misoperation caused by 

harmonic distortion. Section 6.6 documented 

that computers and allied equipment 

frequently require an AC source having less 

than 5% voltage distortion (THDv), with the 

largest single harmonic no more 3% of 

fundamental. Higher levels will result erratic 

malfunctions.

2



Introduction (cont’d)

• The flow of harmonic currents due to “skin 

effect” can create significant heat load not 

only in transformers and other power 

distribution equipment, but on electrical 

circuitry in electronic equipment power 

supplies.  Even if voltage distortion at 

service entrance is relatively low, due to 

harmonic currents at the load are subjected 

to full system impedance, the THDv in 

electronic load could very high. 
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IEEE Std 519 Requirements
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Isc/IL <11 11≤h<17 17≤h<23 23≤h<35 35≤h TDD

<20 4.0 2.0 1.5 0.6 0.3 5.0

20<50 7.0 3.5 2.5 1.0 0.5 8.0

50<100 10.0 4.5 4.0 1.5 0.7 12.0

100<1000 12.0 5.5 5.0 2.0 1.0 15.0

>1000 15.0 7.0 6.0 2.5 1.4 20.0

Individual Odd Harmonic Order (Odd Harmonics)

Maximum Current Distortion Limits for General Distribution Systems 

(120V Through 69,000V)

Even harmonics are limited to 25% of the odd harmonic limits above



PQ Problems with Legacy IT Equipment

• Typical legacy data centers operate different 

types of servers, data storage devices, 

Ethernet switches on other networking 

equipment.  Some of them are relatively new 

and built with power supplies with corrected 

power factor.  Unfortunately more than half 

of such data center equipment is old and 

built with previous generation power supplies 

which generate a lot of harmonics.
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PQ Problems with Legacy IT Equipment

• Legacy IT electronic equipment in some data 

centers located close to substations with large 

capacitor banks often is affected by switching 

transients.  Especially often it happened when 

such transients affected imbalanced loads 

operated at relatively low input voltage.

• The situation with PQ in data centers, where 

almost 100% of entire load is non-linear, will be 

even worse if other large non-linear, generating  

voltage harmonic loads are fed from the same 

substations.  
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PQ Problems with Legacy IT Equipment

• Such situation can potentially create 

conditions for frequency resonance, which 

could damage very sensitive computer and 

networking equipment.

• Load imbalance is very common in data 

centers with single phase power supplies. 

Such imbalance is a primary source 3rd

harmonic.
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Distorted Waveform with High Content of 3rd Harmonic
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PQ Problems with Legacy IT Equipment

• Very common are 5th and 7th harmonics 
originated in 6-pulse rectifiers, 11th and 13th

originated in 12-pulse rectifiers, but in some 
cases we can see a relatively high level of 
higher harmonics.

• Generated in nonlinear load current harmonics 
cause distortion in voltage waveform. This 
affect loads in other locations, sometime in 
server rows located far away from the loads 
caused such harmonics.
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Mitigating PQ Problems

• Replace old servers with harmonic generated 

power supplies with servers built with PF-corrected 

power supplies.  Typically such devices contain 

capacitors which act as harmonic traps. 

Unfortunately new IT equipment is still expensive 

and very often it will not be cost effective and 

practically feasible to replace legacy equipment 

with new ones, even if such equipment is much 

more productive. Most likely for at least a few more 

years data centers will continue to operate their 

legacy servers and disk arrays. 
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Less Expensive Ways to Mitigate PQ Problems

• Operate electronic load at voltages slightly 
higher (5%) standard levels.  This makes 
servers less affected by voltage sags and 
transients.

• Balance single phase loads.  This is the best 
way to limit triplens (3rd, 9th, 15th, etc.). 
Unfortunately such balancing non-triplens
will not eliminate 5th, 7th, 11th, 13th, etc. 
harmonics.
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Passive Ways of Harmonic Cancellation

• Use passive harmonic 

filters. This method is not 

practical in data centers.

• Use phase shifting 

transformers with ability 

to cancel zero-sequence 

harmonics (triplens) at 

the secondary at low 

impedance.
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Delta-Zigzag Transformer



Passive Ways of Harmonic Cancellation

• Double-Output Harmonic 

Cancelling Transformers –

provide phase shift 180-

degree between 1st output 

phase A and 2nd output 

phase B and so on. This 

shift provides a very good 

harmonic cancellation at 

common neutral. This 

method is especially 

effective against triplens, 

5th and 7th harmonics.
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Delta-Double Output Zigzag 

Transformer



Passive Ways of Harmonic Cancellation

• The cancellation on the 

dual-output transformer 

primary also occurs due 

to phase shifting from 

secondary to primary.

• Cancellation of positive 

and negative sequence 

harmonics also affects 

higher level harmonic 

generated by non-linear 

loads.

Simulation: Non-Linear Line to Neutral 

Load 50% unbalanced (~50kW on 150kVA 

Dual Output Transformer, Courtesy of Des 

Faria, P.E., Powersmiths)
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Passive Ways of Harmonic Cancellation

• Advantages of electromagnetic harmonic 
cancellation: 

- Energy efficiency

- High reliability

- Lower maintenance cost

• Disadvantages: 

- Less efficient when a wide range of harmonics is 
present.

- Some complication with installation to feed existing 
load.  Longer outages are needed.

15



Active Harmonic Cancellation

• The most widely used 

type of active harmonic 

filters (AHF) cancel 

harmonics by injecting 

appropriate magnitude 

of harmonic current out 

of phase with that 

produced by non-linear 

load.
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Active Harmonic Cancellation

• Advantages of active harmonic cancellation: 

- Highly effective harmonic cancellation

- Automatically compensates a wide range of 
harmonics. 

- Easier to install in existing facilities. Typically no 
long outages are needed.

• Disadvantages: 

- Less reliable than harmonic mitigating transformers.

- Less energy efficient and have higher operating 
cost.
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Hybrid Solution

• Hybrid solution [2] consists of installation of 
parallel-connected AHF at point of common 
coupling (PCC) and installed close to the 
nonlinear loads PDU’s with harmonic 
cancellation transformers. Transformers 
should mitigate the most commonly found 
characteristic harmonics, while AHF will 
cancel residual, mostly higher harmonics. 
In many cases this approach could be very 
cost effective.
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Case Study – Mitigating Harmonics in Legacy 

Data Center

• Medium size legacy data 

center experienced 

problems with high level of 

harmonics. In Dec. 2007, 

the situation became worse 

due to combination effect of 

current harmonics 

originated at non-linear load 

– servers, disc arrays, and 

voltage harmonics 

generated by non-linear 

loads outside data center.
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Case Study – Mitigating Harmonics in Legacy 

Data Center

• As a first step the 

harmonic study was 

conducted on panels 

distributing power to all 

affected rows.  As a 

result we have found a 

very high content of 

11th, 13th, 23rd, 25th

harmonics and 

moderately high level 

of 5th, 7th and triplens.
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Case Study – Mitigating Harmonics in Legacy 

Data Center

• Even after the external source of voltage 

harmonics was shut down and voltage 

harmonics lowered to 2.0% – 4.2%, the level 

of current harmonics generated in legacy 

server rows was more than 20% with 

excessive levels of 11th, 13th,  23rd, 25th 

harmonics and triplens. In some places we 

found relatively large content of 5th and 7th. 
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Case Study – Mitigating Harmonics in Legacy 

Data Center

• Considering there was an existing mission 

critical computer load, which cannot be shut 

down for continuous time, and a wide range of 

harmonics, it was decided to provide AHFs 

connected to the line side of distribution panels.

• The sizes of the filters were calculated on the 

base of harmonic study. In some cases 208V, 

50A filters were found adequate, but in some 

cases we needed higher rated AHF’s. 
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Case Study – Mitigating Harmonics in Legacy 

Data Center

• Filters rated 100A and more 

were more difficult to install 

due to large sizes and 

weights, what required 

considerable effort especially 

in raised floor computer room.

• These type of filters were 

used only for relatively large 

panels.  Such filters require 

mounting stands secured to 

concrete floor.
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Case Study – Mitigating Harmonics in Legacy 

Data Center

• For smaller panels was 

found sufficient to use 

relatively small 50A wall 

mounted filters.

• In some cases was found 

more convenient instead of 

100A AHF to use two 50A 

filters connected in parallel 

and tuned to different 

spectrums of harmonics.
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Case Study – Mitigating Harmonics in Legacy 

Data Center

• Two years ago the data center started to retrofit 

the old raised floor with new one.  At the same time 

old rows from areas to be rebuilt were moved in 

areas where new floor was already completed.  In 

order to mitigate PQ problems upfront it was 

decided to build them with new PDU with harmonic 

cancellation transformers. Such provision not only 

mitigated current harmonics in rows where the 

PDU’s were installed, but also prevented them 

from affecting other loads.
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Typical PDU with Dual Output Harmonic  

Transformer
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Case Study – Mitigating Harmonics in Legacy 

Data Center

• As a result of harmonic 
mitigating the data 
center has all server 
and networking rows 
operated with PQ 
within standard limits. 
At the same distribution 
panels where we have 
seen waveform very far 
from sinusoidal, now 
they are close to this 
form.
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Case Study – Mitigating Harmonics in Legacy 

Data Center

• Even electronic loads in 

different rows have 

different harmonics 

spectrums, THD is still 

below limits 

documented in IEEE 

Std. 519-1992.
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Conclusions

• Problems with PQ in legacy data centers still exist and 

need to be mitigated. 

• Harmonics generated by non-linear IT load can be 

lowered by passive, active and hybrid cancellation 

methods.

• Harmonic study is necessary to find the best way to treat 

PQ problems.

• AHF’s and harmonic cancellation transformers proved to 

be very efficient in mitigating PQ problems

• It is important that IT leaders partner with electrical 

engineering to appropriate ROI statements, justifying 

many of these expenditures.
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