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1. Problem definition 

2. Standards with requirements for harmonic current content 

a. RTCA DO-160 

b. MIL-STD-704 

c. MIL-STD-461 

d. MIL-STD-1399 

e. IEEE 519 

3. Non -isolated methods 

4. Isolated methods 
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• Typical high power rectifier circuit utilizes three-phase full wave bridge 

rectification or a variation thereof 

• At any point in time there are only two diodes commutated on  

• Line current is theoretically a square wave with a highly inductive load 
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In practice, without energy storage on the DC side 

(resistive loading), the line current waveform becomes a 

bit more complex, but still discontinuous. THD is about 30% 
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With normal levels of source impedance the high frequency components are 

attenuated some, but changes in the commutation angle can further complicate the 

waveform 
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The proceeding analysis was for linear type loads. 

When switching elements are present on the DC 

side – motor drives are common – the harmonic 

content gets significantly worse. 

 

Harmonic components in the source currents are 

disadvantageous for numerous reasons 

 

• Additional heating of large conductors 

• EMI issues 

• Low power factor 

• Voltage distortion in high impedance sources 
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Aircraft standards 

Commercial aircraft – RTCA DO-160 

 

DO-160 is often the guiding document for 

power quality in commercial aircraft. Both 

Boeing and Airbus have standards that are 

variations of the DO-160 – power quality 

requirements vary some (specific harmonics are 

less at some frequencies) but the DO-160 is a 

good overall requirement.  
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Aircraft standards 

Commercial aircraft – RTCA DO-160 

Maximum allowable harmonic current as 

a percentage of the fundamental 
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Aircraft standards 

Military aircraft – MIL-STD-704 

 

MIL-STD-704 does not address current 

harmonics directly but has limits on voltage 

distortion. High current harmonics can cause 

voltage distortion in high impedance sources 

 

Current harmonics are addressed at a system 

level where source impedance is known  
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Naval and aircraft standards 

Military ships, submarines and some aircraft  – 

MIL-STD-461 

 

MIL-STD-461 contains EMI requirements for 

surface ships, submarines and some military 

aircraft applications. 400 Hz applications must 

comply with the limits set forth in CE101-3, 60 Hz 

applications are governed by CE101-2. Aircraft 

applications use CE101-4 

 

When specified for high power applications 

only – not always a requirement. Current 

harmonic emissions around 3% of the 

fundamental maximum at any frequency 

above 2nd harmonic   
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Naval and aircraft standards 

Military ships, submarines and some aircraft  – 

MIL-STD-461 
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Naval standards 

Naval ships and submarines are primarily governed by MIL-STD-1399 Section 300. This standard 

requires all single current harmonic emissions be limited to 3% of the fundamental maximum, and 

THD is limited to 5% maximum. Limits are reduced above 2 kHz (60 Hz) and 13.3 kHz (400 Hz)  
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Commerial standards 

IEEE 519 and IEC 61000-4-7 are used for guidance in commercial applications. Harmonic current 

limits are determined using the ratio of available short circuit current to normal load current as a 

factor. There is allowance for the “characteristic harmonic” of multi-pulse rectifiers  
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For airborne applications the use of an Auto-Transformer Rectifier Unit (ATRU) is the most common 

for high power converters. Advantages are :  

 

1. Very high power density 

2. Rugged – very few components are required 

3. Low harmonic current content when properly designed 

4. Low ripple voltage without filtering 

5. Good power factor (> 0.98 typically) 
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Why not high frequency switch-mode converter? 
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Even though DO-160 allows fairly high levels at the 11th and 13th 

harmonic (the characteristic harmonics for a 12-pulse rectifier) it 

can be difficult to comply with the requirements at the 5th and 

7th harmonic using a 12-pulse system without adding additional 

filtering. For this reason 18-pulse systems are most common. Two 

basic circuits are used – one using -20/0/+20 deg. phasing in the 

autotransformer and Interphase Transformers (IPTs) and the other 

using -40/0/+40 deg. phasing and no IPT. In the first the auto-

transformer is smaller physically (smaller phase shift equates to 

smaller relative kVA size) but has the additional magnetic 

components. In the second, the transformer is larger (higher 

equivalent kVA) but the IPTs are eliminated. Both of these are 

very efficient in the conversion of 115 Vrms L-N power to 270 VDC 

and 230 Vrms L-N power to 540 VDC 

 

For applications requiring greater harmonic attenuation or where 

step-up or step-down is required a 30-pulse transformer 

configured such as that shown can be used.  
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The interphase transformers allow the 3 three-phase full wave bridge rectifiers to operate 

independent of the others – commutation in one bridge is isolated so that each bridge works 

separate from the others. Many different transformer configurations are available to use – inclusion of 

a delta connection in the transformer is helpful in eliminating odd-triplen (3rd, 9th, 15th etc.) harmonics 
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With the +/- 40 deg. 18-pulse and the 24 deg. 30-pulse auto-transformers the diode commutation is 

unlike that of a three-phase full wave bridge. Due to this the DC output voltage is higher and means 

must be taken to step-down the voltage to the rectifiers if 115 Vrms to 270 VDC or 230 Vrms to 540 VDC 

is required. For 400 Hz operation harmonic performance is compliant with a well-designed transformer. 

At wild frequency input (360-800 Hz) additional filtering is typically required for compliance 
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ATRU examples 
 

12 kW, 400 VDC output 20 deg. assembly with IPTs and 

line reactor 
30 kW, 30 pulse 
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Where galvanic isolation between the source and load is required the ATRU is not available. In this 

case an isolated 12-pulse or 24-pulse system is used. 18-pulse can be designed, but for many 

applications (particularly for MIL-STD-1399 or MIL-STD-461 compliance, where 3% at any harmonic is 

required)24-pulse rectifier is needed. There are many ways this can be accomplished using 

delta/wye, zig-zag or extended delta windings, depending on detailed requirements. For very high 

power (megawatt+) this is best implemented using 2 transformers as all windings can be identical, 

just connected differently .This assures optimum impedance balance, improving power quality 
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Examples  

 

6 kA Interphase Transformer Airborne 28 VDC 12-pulse 
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