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Agenda

• Marshall EMI Test Facility (METF) Overview
• Brushed DC Motor Overview
• Literature Review
• System Level Radiated Emissions
• Component Radiated Emissions
• Additional Data with COTS Hardware
• Conclusion
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MSFC EMI Test Facility

Test Capabilities:
• Electromagnetic 

Interference (EMI)
• MIL-STD-461C - G 

• Lightning
• RTCA DO-160 Section 22 
• MIL-STD-461G

• Electrostatic Discharge 
(ESD)
• MIL-STD-461G
• IEC 61000-4-2

• Power Quality
• SSP 52051 (ISS Power 

Quality Spec)
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Brushed DC Motor Overview

Advantages
• Fairly inexpensive 

compared to other designs
• Easy to Operate / Simple 

Control Circuitry

Disadvantages
• Maintenance required for 

long term use, particularly 
brushes

• Electrically Noisy, both 
Conducted and Radiated
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Literature Review

• Radio Frequency Interference of Electric Motors and Controls
– M.A. Jabbar, M.A. Rahman
– Conference Record of the IEEE Industry Applications Society Annual 

Meeting; 1989
• Commutator Motors as EMI Sources

– F. Pavlovcic
– SPEEDAM 2010

• Discharging Arcs in Commutation Motors
– F. Pavlovcic
– International Conference on Power Electronics; 2010

• New Behavioral Modeling of EMI for DC Motors Applied to EMC 
Characterization

– R.Kahoul, Y. Azzouz, B.Ravelo, B. Mazari
– IEEE Transactions on Industrial Electronics; 2013
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Literature Review

• Radio Frequency Interference of 
Electric Motors and Controls
– M.A. Jabbar, M.A. Rahman
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Literature Review

• Prediction of Radiated Emissions 
From DC Motors
– C. Suriano, J. Suriano, G. 

Thiele, T. Holmes
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Literature Review

• New Behavioral Modeling of EMI 
for DC Motors Applied to EMC 
Characterization
– R.Kahoul, Y. Azzouz, B.Ravelo, B. 

Mazari
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System Level Radiated Emissions

• Test Setup
– MIL-STD-461F Test 

Setup
– RE102 Performed:

• 30 MHz – 18 GHz
– Max hold, Multiple Fast 

Sweeps Method used
– Brushed DC Motors (all 

4) exercised throughout 
full range of travel while 
capturing emissions data

Brushed DC 
Motor Assembly
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1st Qual System RE102 Results: 4 motors operating

System Level Radiated Emissions
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System Level Radiated Emissions

• Multiple Troubleshooting steps taken
– Shielding integrity of Motor Cabling
– Bonding integrity of Motor housing/assembly
– Added 10 dB attenuator at Preamp to verify no Overload 

condition existed
– Removed Preamp to verify broadband noise not causing 

oscillations 
• Probing revealed most RF energy coming from 

motor housing assembly
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Component Level Radiated 
Emissions

• Motor Only Testing
– 2 sets of Motor 

Assemblies
– Independent motor 

control (A1, B1, A2, B2)
– Radiated Emissions data 

taken 1 – 3.6 GHz
– Significant over-limit 

emissions observed

Motor
A1

Motor
B1

Motor
A2

Motor
B2
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Single Motor Results: B2 Motor Operating

Component Level Radiated 
Emissions
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Component Level Radiated 
Emissions

Single Motor Results: A2 Motor Operating
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Component Level Radiated 
Emissions

• Results
– Each Motor tested exhibited 

different RE Characteristics
– Only 1 (possibly) significant 

difference in motor to motor 
construction 

• Bonding Measurements –
Very little difference

• Nominal Current Draw –
Very little difference

• Brushes – Hand-tuned 
after construction, 
Possible Differences in 
Construction between 
motors

Tuning Slots for Brushes
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Additional Data with COTS Hardware

Radiated Emissions Data taken by a Different NASA 
EMI Facility on a COTS Item with Brushed Motor
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Conclusion

• No publications found that address Brushed DC Motor 
Radiated Emissions above 1 GHz

• Overcoming beliefs / “Common Knowledge” that 
Brushed DC motor radiated noise attenuates as  
frequency approaches 1 GHz and beyond proved difficult 

• Data Presented shows significant radiated emissions 
above 1 GHz, particularly in L and S Bands, from 
Brushed DC Motors

• If MIL-STD-461F guidance had been followed, Radiated 
Emissions testing would have stopped at 1 GHz (Highest 
intentional generated frequency was on the order of 40 
MHz)
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Backup
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1st Qual System Additional RE102 Results: 4 motors operating

System Level Radiated Emissions
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2nd Qual System Additional RE102 Results: 4 motors operating

System Level Radiated Emissions
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2nd Qual System RE102 Results: A1 motor operating

System Level Radiated Emissions
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2nd Qual System RE102 Results: A2 motor operating

System Level Radiated Emissions
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2nd Qual System RE102 Results: B1 motor operating

System Level Radiated Emissions
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2nd Qual System RE102 Results: B2 motor operating

System Level Radiated Emissions
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