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Example of gating pulses on SCR condition 
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Circuit Operation 
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Natural commutation vs forced commutation 

Stop commutation by: 

1. Reduce dc supply voltage to zero 

2. Open load circuit via switch 

3. Force anode current to zero 
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ñPower Converterò converts power from one frequency 

to another frequency (including DC) and may be 

rectifier, inverter, or rotating machine  

Six most common circuit configurations 
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Rectifier ï Passive load 

(no source of energy in 

load) 
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Reactive power due to 

lagging current due to 

lagging gate firing 
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RMS Voltage not linear with conduction angle 
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Rectifier ï active load (load has energy source) 

Peak current = amp*seconds / inductance 

Apparent and real power flow to load 
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Line  commutated inverter ï active load (load has 

energy source, note polarity) 

Peak current = amp*seconds / inductance 

Apparent power to load, real power to source 

DC to AC conversion 
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Line Commutated Inverter ï 

DC to AC real power conversion 

Forced Commutated ï commutation by current 

reversal within power bridge 

Line Commutated ï Commutation current 

provided by line. 

Due to polarity of Ed, Power flows to source. 

Source side voltage must be present to 

provide needed VAR 
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AC static switch ï back to back SCRs 

Reactive power draw 

Phase angle, zero fired, on/off 
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3 phase, back to back 

14 



Electric Machines and Drives 
Thomas Blair, P.E.  

(tom@thomasblairpe.com ) 

3 phase hybrid 
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Voltage Doubler 
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Inside Delta ï  

Id =  58% I line 

Ploss = 58% of in line device 

PIV = 173% of in line device 
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Cycloconverter ï Fsource > Fload 

Each successive sinewave delay angle adjusted 
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3 phase, 6 pulse, converter ï  

If Eka (+), rectifier, if Eka (-), inverter 
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Note Source / Load Voltage polarity 
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3 Phase, 6 pulse rectifier ï to active load 
Vd = 1.35 * V * cos a  

Ed > Eo for current flow, Ed < Eo zero current flow 

Id = (Ed ï Eo) / R 
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Trigger point critical ï 

Trigger late, reduced output, 

Trigger early, no conduction 
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Delayed trigger ï rectifier mode 

Increased delay angle, reduced Ed 

Conduction angle still 60O 

Each thyristor still conducts for 120O 
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Ed = 1.35 E cos a  

 

Excel Spreadsheet  showing calculation 

 

Also available on web page 
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Ed = 1.35 E cos a  

 

Ed = dc voltage produced by the 3 phase 6 pule 

converter (V) 

E = effective value of he ac line to line voltage (V) 
a  = firing angle (degree) 

 

Note: if Ed < Eo, Id forced to 0 ï Forced 

commutation mode ï Important mode to LCI drive. 
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Conduction 

angles of 45O 

and 75O 
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Example 21-7 

The 3 phase converter of Fig. 21.39 is connected to 

a 3 phase, 480V, 60 Hz source.  The load consists 

of a 500V dc source having an internal resistance 
of 2W.  Calculate the power supplied to the load for 

trigggering delays of (a) 15O and (b) 75O. 
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Delayed Trigger ï Inverter Mode 

Note Polarity of Eo and Ed 

 

I = (Eo ï Ed) / R 
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Inverter mode, 90O < a  < 180O 

Eo > Ed current flow, Ed > Eo, zero current flow 

Power flow to source 
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Firing Angle 

typically 15O to 

165O to ensure 

controlled firing 
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MG set with Vdc out 

Current unidirectional 

Vdc magnitude / 

polarity tied to phase 

angle 

Ripple increases as 

Vdc decreases 

Vdc = Ed + ec(ripple) 
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3 phase converter in rectifier mode 
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3 phase converter in inverter mode 
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Real Power flow either direction ï reactive power 

always absorbed 

No Electric isolation like MG set would provde (without 

isolation xfmr) 
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Current flow:  I = S (2/3) Id = 0.816 Id 
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