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Abstract  
 
Advancement in technology and the resulting affects on curriculum content in an attempt to meet employer’s needs 
requires careful consideration to avoid ‘over pruning’ essential basics. Developing delivery methodology that reduces 
the labour of the exercise yet does not mask the need for the student to have a critical understanding of the problem is a 
desirable compromise. Mathcad® as a Power Electronics teaching aid and the application to developing interactive 
design nomograms provides both students and designers with a possible solution. The ac-ac converter, one of the four 
main power processing converter topologies, is used to demonstrate the use of Mathcad® to display system waveforms, 
provide device design data, develop system performance curves and to create interactive design nomograms. The 
importance of power quality and the essential requirement in many countries to comply with the Electromagnetic 
Compatibility (EMC) regulations has recently been incorporated into the curriculum and is also supported by the 
methods described. The Power Electronic application in this paper is intended to introduce undergraduates to a software 
package used world wide in both Industry and Academia and to provide them with transferable skills to other 
applications and disciplines. 
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1.   Introduction 
 
The technology revolution and the natural evolution of 
power semiconductor devices have resulted in over 70% 
of all energy consumption involving a Power Electronics 
Power Processing System.  

 
The multi and inter disciplinary nature of the vast 

range of applications ranging from lighting, machine 
drives, ev / hybrid autos and  sustainable energy to the 
space programme has resulted in the need for an 
increased number of engineers with an understanding of 
Power Electronics fundamentals. An increasing number 
of Universities have now introduced Power Electronics 
into the undergraduate curriculum varying from a single 
introductory course to a suite of courses. 
  

Computer aided education and simulation have a 
twofold important role to play in course delivery due to 

• the non-linear nature of power electronics 
• undergraduate programme time constraints 

 
 
 

1.1   Non-linear Power Electronics 
 
The analysis and design of power electronics systems 
yielding complex and often transcendental equations    
requires the introduction and choice between the 
available numerous general and application specific 
software packages. 

 
A distinction has however to be made between the 

'do - it - all ' commercial packages, that are ideal for the 
more experienced engineer with deadlines to consider, 
and software that speeds up the learning process for the 
student without removing the need to understand what is 
happening. 
 
1.2   Undergraduate Programme Time Constraints 
 
Incorporating state of the art technology content into the 
curriculum is essential for graduates to satisfy the 
knowledge and employable skills industry requirement. 
Unfortunately the latest material is usually introduced by 
‘over pruning’ the engineering basics that are essential to 
providing graduates who can adapt and evolve with the 
future. A time saving solution is therefore required even 
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when more than one undergraduate Power Electronics 
course is offered.  
 

This paper, using Mathcad®, considers a specific a 
application to demonstrate one possible approach that 
satisfies both the complexity of the problem and the time 
constraint.  
 
 
2.   MATHCAD® 
 
Mathsoft®, Cambridge, MA introduced Mathcad® in 
1985 and is now on version 13. 
 

Mathcad® is often referred to as the ‘scratch-pad’ or 
‘whiteboard’ package as it appears on screen in the same 
way it would be written on paper.  
 

Mathcad® performs complex equation calculations 
using familiar and standard mathematical notation in 
both numerical and symbolic processes.  
 

Mathcad® being easy to learn and requiring no 
special programming skills is the ideal package to take 
on the mathematical labour. The equations however have 
to be provided thereby ensuring a knowledge input 
requirement from the user. 

 
Mathcad®, having five language translations, is used 

internationally in industry and academia.   
 
 
3.   MATHCAD® - Power Electronics 
 
Teaching Power Electronics as a controllable power 
processing system requires numerical and waveform 
analysis together with system performance curves. 
 

This paper considers one of the four main power 
processing converter topologies, the ac-ac converter, and 
uses Mathcad® as a Power Electronics Teaching Aid to 
display system waveforms, provide device design data, 
develop system performance curves and to create 
interactive design nomograms. The results ‘in hard copy’ 
can be used effectively to support tutorials by eliminating 
laborious calculations and rote learning of formulae. The 
interactive design nomograms can be introduced as a 
computer aided laboratory component.  

 
Students and design engineers are provided with an 

approach that whilst reducing the labour of the exercise 
does not mask the need for the critical understanding of 
the problem that is needed to set up the original 
equations. 

4.   AC-AC Converter 
  
Figure 1 shows an ac-ac converter power stage providing 
power to a series resistive-inductive load.  Inverse 
parallel silicon controlled rectifiers (SCR) act as 
controllable switches being turned on by the application 
of a gate signal and turning of when the current reduces 
below the holding current that can be approximated to 
zero. 
 
 
 
 
 
 
            
 
 
 
   

Figure 1.  SCR  AC-AC  converter 
 
4.1   Current equation and waveform 

 
 

(1) 
 
where 
 
 
 
 
Equation (1) represents the current in each half cycle, the 
SCR turning on at control angle α and turning off, as 
shown in Figure 2, at the SCR extinction angle β . 
Derivation is excluded but is required as part of the 
learning process. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. System Input – Output Current 
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Unlike the case of a resistive load the current is no longer 
part of a sinewave and does not turn off at multiples 
ofπ .   
 

(2) 
 
 

The solution of the transcendental equation (2) for 
the current extinction angle β requires iteration which in 
the case of using Mathcad® is achieved by guessing the 
answer and using the root function as shown in (3). The 
initial guess is based on the user’s power electronics 
knowledge.  
 
Guess     (3) 
 

(3) 
 

Figure 2 based on 
3
πα = , 

6
πφ =   πβ 165.1=  

 
4.2   SCR current conduction angle )(δ  
 
A general equation can with some variables result in an 
indeterminate value which is the case for pure resistive 
and pure inductive loads. Plots of the SCR current 
conduction angle δ versus load angle φ  as shown in 
Figure 3 require technical input to create extra equations 
(4). 

 
 
 
 

(4) 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.  SCR conduction angleδ  

 
Figure 3.  SCR Conduction Angle δ  

 
 

 
 
 
4.2   SCR current extinction angle )(β  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  SCR extinction angle β  
 
The extinction angle in Figure 4 is given by (5) 
 

αδβ +=                                                                    (5)  
 
4.3   Current maximum position )(θ  
 
 
 
 
 

 
 

(6) 
 
Equation (6) represents the current extinction angleθ .  
Symbolic pre calculation of the derivative term is an 
alternative approach. 
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Figure 5.  Current maximum position θ  
 
Figure 5 displays the position of current maximumθ . 
4.3   Current maximum value (IM) 

 
 
 
 
 
 
 
 
 

(7) 
 

The current maximum value represented by (7) is an 
important factor at the design stage in selecting the SCR 
devices.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6.  SCR current maximum IM 

 
Figure 6 plots the ‘shaded’ part of (7) as a scaling or 

normalizing factor IMN.  
 

4.4   SCR average current (Iav) 
 
The scaling factors for the SCR average current and the 
absolute value are given in (8) 
 
 
 
 
 
 
 
 
 
 

(8) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.  SCR average  current  (Iav) 
 
Figure 7 shows the SCR average current scaling factor. 
The average current is important when considering the 
SCR’s thermal performance.  
 
4.5   SCR rms current (Irms) 
 
The scaling factors for the SCR rms current and the 
absolute value are given in (9) 
 
 
 
 
 
 
 
 
 

(9) 
 
Figure 8 shows the SCR rms current scaling factor. The 
rms current is an important SCR rating.  
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Figure 8.  SCR rms  current (Irms) 
4.6   System output rms current (Iorms) 
 
The scaling factors for the system output (or input) rms 
current and the absolute value are given in (10) 
 
 
 
 
 
 
 
 
 
 

(10) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.  system output / Input rms current 
 
The rms output current delivered to the load and the  
source rms current requirement are determined from 
Figure 9.  
 
4.7  System output rms voltage (Vorms) 
 
The scaling factors for the system rms output voltage and 
the absolute value are given in (11). 
 
 
 
 
 
 
 
 

(11) 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

Figure 10.  System Output rms Voltage 
 
The rms output voltage delivered to the load is 
determined from Figure 10.  
 
4.7   System output power (Pout) 
 
Figure 11 shows the output power scaling factor PON.  
 
The special case of pure inductive load )90( =φ results 
in PON = 0. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11.  System Output Power 
 
The scaling factors for the system output power and the 
absolute value are given in (12) 
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(12) 
4.8   System input power factor (pf) 
 
 
 

 
 

(13) 
 
The absolute values of system input power factor given 
in (13) are developed using the if  function 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12.  System Input Power Factor 
 
Figure 12 represents the system input power factor which 
is an indicator of the line current harmonic distortion.  
 
4.9   System Waveforms 
 
 
 
 
 
 
 
 
 
 
          
 
 
 
 

 
 

Figure 13.  System Waveforms 
The system waveforms displayed shown in Figure 13 can 
be instantly modified for anyφ  or .α  
 
4.10  Interactive design nomogram 
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7.  Conclusion 
 
The use of Mathcad® as a Power Electronics Teaching 
Aid has been demonstrated and shows the user’s need for 
topic knowledge. The approach is recommended to a 
complement other application specific packages as part 
of the teaching programme, not as a replacement.   
 

The merits of the described Power Electronics 
‘Mathcad®’ Teaching Aid are 

• Awareness of the topic is required – not merely 
the ability to use a software package. 

• Enhancement of the student understanding of          
the subject  
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• Strengthens the student’s circuit and system 
analytical skills. 

• Versatilty in the different format presentation   
of results – equations, numeric, graphic.  

• Design orientated nomogram development 
• Interactive with the ability to choose a large 

range of inputs and variables. 
• Adaptable to all other power converters. 
• Introduces and develops transferable skills in 

the use of Mathcad. 
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