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Minimizing the        
Effects of Voltage 
Notching 
 

This application note offers advice about reducing the depths of voltage 
notches which are typically associated with Silicon Controlled Rectifier 
(SCR) circuits. Another name for the SCR is Thyristor. SCRs are commonly 
used in DC drives, battery chargers, induction heating equipment and some 
lighting control equipment. 

Notches appearing in the voltage waveform at the input side of the SCR 
controllers are a natural phenomenon. They can have an adverse effect on 
timing circuits, zero cross switching circuits and any equipment sensitive to 
the zero crossings of the voltage waveform.  

This paper explains simple ways to reduce the adverse effects of voltage 
notching. 
 

 General Application 

Line side of VFD 
 
Suppression of voltage notches 
 
Elimination of extra zero crosses 
 
Protection of motor drive electronics 
 

 
 
 
Approvals / Standards 

UL Listed (E173113) 
 
IEC/EN60076-6 VDE0532-76-6 

 

 
 
 

 Voltage Waveforms 

  
 

 

 

 

             Without input line reactor 

 
 
 
 
 
           
 
 
             With input line reactor
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Minimizing the Effects of Voltage Notching 
 
Silicon Controlled Rectifiers (SCRs) control their output voltage through a gating signal applied to their gate terminal. 
The signal commands the SCR when to begin conducting, which in turn controls what portion of the voltage wave-
form is applied to a load. This capability permits them to control the speed of a DC motor, by controlling the area 
under the curve for a voltage waveform.  
 
Each time one SCR is turned on, another is being turned off. This is referred to as SCR commutation. During this 
momentary transition of states, a short circuit occurs. At this instant, the current rises, limited by the upstream im-
pedance, and the instantaneous voltage goes to zero. Very quickly, the transition is accomplished and current re-
duces to a normal value. At this instant, the voltage also resumes. This pattern repeats for a total of six times per 
cycle (one for each diode in a 6-pulse rectifier).  
 
 
 
 
 

 
 
 
 

  
           Fig. 1a Voltage notching in AC waveform  Fig. 1ab Voltage notching in AC waveform (3-phases) 

 
 

Fig. 1a and Fig. 1b above illustrate typical notches in a voltage waveform for a SCR controller. Six notches per cycle 
are evident. As can be seen above, some of the notches are touching the zero axis – these are clearly creating extra 
zero crosses. The extra (false) zero crosses give will false signals to zero cross sensitive circuits. 
 
As a result, zero cross switching devices may switch at the wrong time, causing malfunction or damage to them-
selves or other electronic equipment. They may also cause timing errors in devices that rely upon natural zero cross-
es as timing indicators (i.e.: normally from one zero cross to the next is 8.35 msec). 
 
From experience, when multiple DC drives are supplied from the same voltage source, they may cause miss-fires of 
SCRs and gate firing board failures. Essentially, the extra zero crosses caused by one DC drive creates signals for 
another drive to turn on an SCR. Doing so at the wrong instant, can cause it to turn on into a short circuit, resulting 
in possible SCR or gate firing board failures. A six-pulse SCR (Thyristor) rectifier circuit is shown in Fig. 2 below. 
 
  
 
 
 
 
 

 
 
 

 Fig. 2 6-pulse SCR Rectifier 
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The simplest remedy for voltage notching is to add a line reactor in series with the input terminals of the SCR con-
troller. Fig. 3 illustrates a DC drive that includes an AC line reactor. 
 
 
 
 
 
 
 
 

        Fig. 3 DC Drive with AC Input Line Reactor 
 

 
The line reactors absorb much of the notch voltage resulting in less notch depth, which generally keeps the notches 
far enough away from the zero axes. Typically, this prevents the miss-fires when multiple DC drives share a common 
power source and prevents other malfunctions that were caused by false zero crosses. 
 
In most cases, this problem is solved by using 3% impedance line reactors. In rare cases, it may be necessary to use 
5% impedance. The line reactor provides commutating reactance to limit the current during the transition (commu-
tation) period. The extra impedance reduces the commutation current, preventing a short circuit and thereby reduc-
ing voltage notch depth.  
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The Global Reactor Brand 
 Hans von Mangoldt GmbH  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hans von Mangoldt GmbH (HvM), 
an ISO-9001 registered company, is 
appropriately equipped to meet the 
demands of the most rigorous reac-
tor applications.  
 
They have earned a leadership po-
sition in the international reactor 
markets and currently export, on a 
regular basis, to over thirty coun-
tries. A highly motivated and experi-
enced workforce makes a vital con-
tribution to the success of the com-
pany. The use of state-of-the-art 
production systems, together with 
self-defined high demands for quali-
ty and reliability enables our cus-
tomers to have absolute confidence 
and trust in the products supplied 

by HvM. The management of 
MANGOLDT looks to the future, 
firmly determined to maintain its 
success in meeting this quality ob-
jective. Today the entire company 
group HvM has a 120 people strong 
workforce at two production sites in 
Germany, two international manu-
facturing sites (Taiwan and India) 
and two regional technical sales 
offices (China and USA).  
 
MANGOLDT has two production fa-
cilities with complete reactor manu-
facturing capabilities. Both factories 
include everything from lamination 
cutting, computerized winding, as-
sembly and vacuum and pressure 
impregnation systems. 

1980 marked the introduction of 
MANGOLDT’s exclusive core con-
struction method, appropriately 
named PolyGap®, for its use of 
numerous air gaps.  
 
PolyGap® core construction is de-
signed to optimize the core’s ability 
to handle harmonic frequencies and 
to minimize losses.  
 
MANGOLDT has the capability to 
design reactors with the precise 
number of air gaps, length of each 
individual gap and location of each 
gap to maximize the overall perfor-
mance of the reactor, based on the 
specified harmonic current spec-
trum. 
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