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Vthd at Transformer Output
Full  
load 

75%  
load 

50%  
load 

K13 Transformer 10.5% 7.8% 5.2% 

Forked Wye 7.9% 5.9% 3.9% 

Single Output HMT 6.9% 5.2% 3.4% 

Dual Output HMT 3.8% 2.8% 1.9% 

Three Output HMT 3.6% 2.7% 1.8% 
 
Table 1:  Modeling of Voltage Distortion at the output of 
               112.5 KVA Transformers with K-13 load profile. 

 
High voltage distortion has been known to prevent 
closed transition returns to utility when power is 
restored after an interruption.  The highly distorted 
voltage waveform at the generator can prevent 
synchronization with the normal power source.  
Without proper synchronization, the two sources 
cannot be paralleled and therefore, the load must be 
dropped before it can be transferred back to normal 
power[3].   
 

4. Using HMT’s to Prevent  
Voltage Flat-topping 

 
Harmonic Mitigating Transformers are specially 
designed to reduce system voltage distortion in 
addition to reducing the heating effects caused by 
the harmonic currents.  This is accomplished by 
canceling load generated harmonic fluxes and 
currents within the transformers windings:  

1. Zero sequence harmonic currents, which 
include the 3rd, 9th and 15th, are prevented 
from circulating in the primary windings by 
canceling their fluxes within the secondary 
windings. 

2. Single output HMT’s are available in 2 
models with differing phase shifts which 
when paired will induce cancellation of 5th, 
7th, 17th & 19th harmonic currents upstream. 

3. Dual output HMT’s phase shift to cancel the 
balanced portion of 5th, 7th, 17th & 19th 
harmonic currents within their secondary 
windings. 

4. Three output HMT’s phase shift to cancel the 
balanced portion of 5th, 7th, 11th & 13th 
harmonic currents within their secondary 
windings. 

5. Reduction of harmonic currents in the 
primary windings and upstream of the HMT 
reduces the harmonic voltage drops and 
voltage distortion these drops produce. 

6. Losses are also reduced because the 
transformer and upstream distribution 
equipment is subjected to less harmonic 
current. 

This means that an HMT will produce significantly 
less voltage distortion than a conventional or K-rated 
transformer when servicing similar non-linear loads.  
In Table 1, the performance of various HMT models 
is compared with a typical K13 transformer.  
Included as well, is a simple dual output phase 
shifting transformer (Forked Wye) which is also 
finding application as a harmonic canceling 
transformer.  This transformer has dual outputs 
which are phase shifted by 30o to cancel the 
balanced 5th and 7th harmonic currents in much the 
same manner as the dual output HMT.  The principal 
difference from the HMT is in the treatment of the 
3rd and other triplen harmonics.  Where the HMT 
prevents these currents from circulating in its 
primary windings, the Forked Wye does not.  This 
means that voltage distortion at the 3rd harmonic will 
be just as high as it would be in the K13 and 
conventional transformer. 

 

Computer modeling was used to determine the 
voltage distortion that would appear at each 
transformers output when servicing a K-13 non-
linear load of Ithd = 88%.  As can be seen, the HMT 
transformers produced lower voltage distortion than 
both the K13 and the Forked Wye.  The multiple 
output HMT’s achieved the best results by treating 
5th, 7th and other higher order harmonics in addition 
to the triplens (3rd, 9th & 15th).   

With this load profile, the K13 transformer will meet 
the 5% Vthd limit only when loaded to less than 50%.  
The multiple output HMT’s, on the other hand, can 
be fully loaded without overly distorting the voltage 
waveform and the single output HMT can be loaded 
to 75% before exceeding 5% Vthd. 
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This analysis supports the use of multiple output 
HMT’s when a distribution system is required to 
service a high concentration of non-linear loads.  
This would include computer rooms, call centers, 
broadcasting studios, telecommunications sites, 
Internet Service Providers and hospitals to name a 
few.  When the loading is not expected to be as 
severe, the single output HMT may prove to be 
sufficient to prevent problems from developing.  In 
any event, the K13 transformer is not a suitable 
alternative.    

 
5. Case Studies Demonstrating how an 

HMT will Eliminate Equipment Failure 
by Reducing Voltage Distortion 

 
A Chicago area bank was troubled by consistent 
failures of equipment power supplies in one of its 
critical communications rooms.  Poor power quality 
was considered a potential cause of the problem but 
it was believed that the 75 kVA UPS that serviced 
the load should have addressed all of the power 
quality needs of the equipment.   

Charles Andersen of ATA, a local electrical testing 
company, was called upon to monitor the site in an 
attempt to determine the cause of the equipment 
failures.  Continuous monitoring over a period of 20 
days, uncovered no troublesome impulses, surges, 
sags or power interruptions.  An extensive review of 
the grounding system also produced no significant 
findings.  During this investigation period the 
equipment failures continued.  What the monitoring 
did identify however, was that the voltage 
downstream of the UPS was severely flat-topped 
with Vthd consistently above 8%.  

To resolve the high voltage distortion problem, a 75 
kVA, three output HMT was installed downstream 
of the UPS.  By treating the entire spectrum of odd 
order harmonics (up to and including the 15th) the 
HMT was able to reduce the current distortion of the 
load from 65% to less than 10%.  The direct result of 
this current distortion reduction was a dramatic drop 
in voltage distortion to less than 4%.  With the 
installation of the HMT, power supply failures 
dropped from an average of 5 per month to less than 
1.  In time, these are expected to reduce even further 
as the residual effect of the long term exposure to 
distorted voltage begins to subside.  

In another application, dual output HMT’s were used 
to service a Test Area at a major silicon chip 
manufacturer.  Prior to the installation of the HMT’s, 
consistent failures in the equipment being tested 
were resulting in annual repairs in the order of 
$200,000.  The improvement in voltage distortion 
that accompanied the HMT installation virtually 
eliminated the equipment failures and the savings in 
maintenance costs more than justified the HMT 
purchase.    

6. Conclusion 
 
With their ability to treat both power quality and 
overheating harmonic concerns, Harmonic 
Mitigating Transformers significantly outperform 
their K-rated cousins.  Power distribution systems 
designed with HMT’s are capable of servicing any 
level of non-linear loading without suffering 
negative consequences.  This should justify more 
widespread use of the HMT in applications where 
high concentrations of non-linear loads are found.  
Continued use of K-rated transformers, on the other 
hand, will lead to distribution systems that are 
incapable of being fully utilized without distorting 
the voltage waveform above recommended 
maximum levels.   
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