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Outline 

- AC power measurement 
- Test set-up 
- Power measurement of SSL lamps 
- Bandwidth requirements/issues 
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LED Lamps 
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AC Power 

Power (W):   P = V2/R 
 
Apparent Power (VA): S = V2/Z 
 
Reactive Power (Var): Q = V2/X 
 
Impedance:   Z = R + iX 
               S         Q 
Power Factor:  PF = P/S   ϕ 

           P 
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AC Power 

Traditionally at NMI’s 
 
Phantom power: seperate voltage and current paths 
High resolution DMM for sampling 
High precision voltage and current transformers 
Low frequency, 50/60Hz 
Pure sine wave 
Best uncertainty a few ppm 
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AC Power 

Developments 
 
Need for higher frequencies 
Power quality measurements 
Complex signals 
Development of precision voltage dividers and current 

shunts 
High speed digitizers (up to 10 MSa/s) 
Data analysis software 
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Test Set-up 

Measurement Set-up, Digitizer 
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Test Set-up 

Measurement Set-up, Power Analyzer 
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Test Set-up 
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Test Set-up 
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Test Set-up 
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Test Set-up 
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Test Set-up 

  



14 

Test Set-up 

 
 
 
 
 
 

 Peak value 
 Crest factor 
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Power Measurement 

Power: 

 
Voltage: 

 
Current: 

 
Apparent Power: 
 
Power Factor: 
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Power Measurement 

Fourier analysis 
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Power Measurement 

 
Amplitude of fundamental & harmonics 
 
Phase between voltage and current components 
 
Check for DC offset & even harmonics 
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Power Measurement 

Measurement Conditions: 
 
 - Ambient condition: 23,0 ± 0,5 °C  
 - AC Power supply: THD < 0,5% 
 - Voltage regulated to within ± 0,1% under load  
 - Stabilization: burn 72 hours after purchasing (>1000 hours) 
 - At least 30 min to 60 min stabilization prior to measurements 
 readings in 15 min intervals should be within 0,2% 
 - Operating orientation with lamp upward (base-down) 
 - The connection between the power supply, shunt and lamps 

must be kept as short as possible 
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Power Measurement 

 Current waveform (L3)  
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Power Measurement 

 Current spectrum (L3) 
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Power Measurement 

 Lamps L1, L3 & L5 connected 
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Power Measurement 

 Lamps L1, L3 & L5 connected 
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Power Measurement 

L1 L3 

L5 L1 + L3 + L5 
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Power Measurement 

Measurement results (230 V, 50 Hz) 
 
 
   
L1 
L3 
L5 
L1 + L3 + L5 
L6 

P (W) S (VA) PF Irms 
(mA) 

THD 
(%) 

4,4 9,8 0,45 42,6 196 
12,7 13,8 0,92 60,1 31 
7,8 9,4 0,83 40,7 30 

25,3 28,5 0,89 123,8 36 
1,4 5,7 0,25 24,9 31 
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Bandwidth 

Equipment must have wide bandwidth capability: 
Current Shunt & Digitizer, Power Analyzer 
 - at least up to 500 kHz 
 
Equipment must be characterised to high frequency: 
 - low (known) frequency flatness error 
 - low (known) phase displacement error 
 
Power Analyzer: Avoid low bandwidth setting or filters 
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Bandwidth 

Bandwidth 
 
Too narrow 
  ~ 0,2% 
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Bandwidth 
   Difference between Irms and the current calculated from the harmonics 

as a function of the number of harmonics used in the calculation. 
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SSL Power 

Extras 
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SSL Power 

Current waveform, Philips Econic, 5 W 
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SSL Power 

Current waveform, Philips Econic with dimmer, 6 W 
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SSL Power 

Current waveform, Osram, 12 W 
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SSL Power 

Current waveform, Philips MyVision, 5 W 
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SSL Power 

Frequency spectrum (500 kHz), Philips Econic, 5 W 
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SSL Power 

Frequency spectrum (500 kHz), Philips Econic, 6 W 
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SSL Power 

Frequency spectrum (500 kHz), Osram, 12 W 
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SSL Power 

Frequency spectrum (500 kHz), Philips MyVision, 5 W 


	Measurement of electrical power of SSL lamps over a wide frequency range.��Torsten Lippert
	Outline
	LED Lamps
	AC Power
	AC Power
	AC Power
	Test Set-up
	Test Set-up
	Test Set-up
	Test Set-up
	Test Set-up
	Test Set-up
	Test Set-up
	Test Set-up
	Power Measurement
	Power Measurement
	Power Measurement
	Power Measurement
	Power Measurement
	Power Measurement
	Power Measurement
	Power Measurement
	Power Measurement
	Power Measurement
	Bandwidth
	Bandwidth
	Bandwidth
	Acknowledgements
	SSL Power
	SSL Power
	SSL Power
	SSL Power
	SSL Power
	SSL Power
	SSL Power
	SSL Power
	SSL Power

