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IEC 61800-9:   
Measurement of loss and efficiency 

In converters 
(with no motor - yet) 

IEC 60034-2-3: 
Measurement of loss and efficiency 

In motors 
(with no converter - yet) 

COMPLEMENTS 
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Three significant problems with IEC 60034-2-3 
 
 
1.  Can there be such thing as a ‘reference converter’? 
(If not, can IEC 60034-2-3 exist?  How would this affect IEC 60030-2?) 
 
 
2. Motors do not have stable characteristics, and changes in behaviour 
related to temperature and recent history can mask the often subtle effects 
of converter supply. 
   
Measurements made in quick succession are essential. 
 
(‘A-B’, with respect to a sinusoidal source) 
 
 
3. Motor terminal voltages with sinusoidal and (reference) converter supply 
must be ‘equivalent’.  The ‘flux voltmeter’ helps in this regard.   
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Comparison of motor no-load losses: sinusoidal supply vs. various converters 
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Adjustment of a converter to 
produce ‘reference’ conditions 

Converter a.c. 
supply voltage 
10 V above the ‘no 
missing pulses’ 
value: 

Converter a.c. 
supply voltage 
10 V below the ‘no 
missing pulses’ 
value: 
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Measurement 
of additional losses 

in converter-fed motors 
 
 
 
 

The ‘A-B’ comparison method 
 

(Note that this method can be used for any  
motor load, including no-load) 
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The analogue 
flux voltmeter 

for motor  
terminal voltage 
measurements 
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Precision power analyser with built-in 
software for the calculation of flux voltage 
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Four power analyser screen shots showing VFD output voltage 
at various frequencies.  The flux voltage is almost constant. 
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VFDs in perspective 

VFDs are quite efficient devices, with typical efficiency figures of 97-98%. 
 
The motors which they drive (with ‘mid-range’ power ratings) have much 
higher losses, by comparison. 
 
For VFDs with the same voltage ratings, efficiency varies much less with 
overall power rating than for motors. 
 
VFDs exhibit ‘stand-by’ power losses, in contrast to motors. 
 
VFDs are power supplies only, producing output voltage(s) at a required 
frequency, and from which a motor draws current.   
 
They do not produce speed or torque directly. 
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Origin of loss 

  
       Dependency 
  

  
Control electronics, incl. d.c. link-derived power 
supply, d.c. link capacitor (safety) discharge resistor 
  

  
Independent of load 

  
Permanently energised, fixed speed cooling fans 
  

  
Independent of load 

  
Thermostatically controlled cooling fans 
  

  
Load dependent 

  
Converter-to-motor shielded cable charging 
  

  
Independent of load 

  
I2R losses due to load current in all ‘ohmic’  
conductors, including busbars, wiring, inductor 
windings etc 
  

  
Load dependent, and  
proportional to square 
of current 
  

  
Losses due to semiconductor junctions exhibiting 
‘threshold’ voltages 

  
Load dependent, with a 
tendency for loss to be 
proportional to current 
  

Converter losses and their dependencies 
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Equation from EN 50598-2 for transistor on-state losses 

Equation from EN 50598-2 for diode on-state losses 

Variation of converter (output) switching component 
losses with load power factor 

What constitutes the best ‘reference-load’ 
for a converter whose losses are 

to be measured? 
 

Is load power factor important? 
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Variation of total motor-end on-state power losses  
with load power factor 

13 



Practically any motor can be used 
 

as a converter ‘reference’ load, providing 
 

that motor can draw load currents from about 
 

50% up to the converter’s full rated load. 
 
 

Note 1:  As load power factor falls, the active power handled 
by the rectifier end of the converter falls, but the effect 
is relatively small. 
 
Note 2:  The current drawn by the motor is controlled by 
adjusting the mechanical load on that motor. 
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Measurement of converter losses: 
 
 
 

Should a preferred measurement method be specified? 
 

Output / input method using wattmeters? 
 

Calorimetric method? 
 

(Neither make assumptions which would prevent agreement 
between the two methods) 
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Simple ‘self calibrating’ calorimeter:  Test object in the bottom chamber, 
low thermal mass resistor in the top chamber. 
   
Adjust the (d.c.) power input to the heating resistor in the top chamber until 
the output from the inter-connected thermocouple system is zero. 
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Alternative calorimeter measurement system: 
 

Resistance thermometers connected as a bridge, 
initially balanced under isothermal conditions 

 
The bridge balances again when T3-T2 = T2-T1 
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Upper compartment: 
resistor, fed from regulated 
d.c. power supply 

Lower compartment: 
‘test object’, simulated 
by a second resistor 
 
Constant temperature 
laboratory air drawn in  
at the bottom by a small  
fan at the top 
 
 

Experimental 
calorimeter 
 
 
Built in a morning, at a  
cost of less than $50 
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First results: 
 
 
Bottom chamber (simulated test object):  40.70 V, 1.62 A:   65.9 W 
 
Top chamber:                                            44.31 V, 1.74 A:  77.1 W 
 
 
Difference:  11.2 W  which is 17% of the ‘losses’ (in bottom chamber) 
 
 
If 65.9 W represents the losses of a 98% efficient converter, then that 
converter has a rating of 3.3 kW 
 
11.2 W represents 0.3% of 3.3 kW 
 
Can, however, correct for the above ‘calibration’ information                                                                                                          
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Converter measurement points and 
performance representation  

The smoothness of the above surface suggests that simple curve fitting 
can be used to provide interpolated and extrapolated loss figures from relatively few  

measurement points. Martin Doppelbauer, KIT, has recently shown how to do this. 

From Draft prEN 50598-2: 
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What’s on the horizon? 
 

New developments in converter technology: 
 

The new state of the (converter) art? 

New gallium nitride (GaN) and silicon carbide (SiC) power switching semiconductors 
offer much higher switching speeds than currently achieved in silicon IGBT-based 
drives. 
 
‘Sine filters’ would then be mandatory, but ‘built-in’, much smaller, cheaper 
and have lower voltage drops than filters used with existing ‘low frequency’ 
converters. 
 
This technology is already in use in ‘hi-fi’ audio applications and mobile phone 
audio output systems. 
 
Will  IEC 60034-2-3 become superfluous? 
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A new breed of converter: 
 

Much higher switching frequency (50 – 100 kHz) 
with built-in ‘sine-filter’ 

 
 

Diagram from Kohei Shirabe et al (IEEE Transactions on IGA, 
 Volume 50, No. 1, January/February 2014, pp 566-572) 
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THANK YOU ! 
 

abaghurst@bigpond.com 
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