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The most common use of power electronics 
today is in light dimmers - the first really 
large-scale consumer application of solid-state 
power electronics.

Industry has been using power electronics 
since the vacuum tube days for controlling 
industrial processes, such as electroplating, 
electrochemistry, and high-voltage direct-
current power transmission. But it wasn’t until 
solid-state electronics came along that the 
breadth of applications exploded.

Unlike signal electronics, such as the 
microprocessor or computer chips that route 
and process information, the purpose of power 
electronics is to route and process energy. 

But information is invariably used to control 
energy, so power electronics acts as the 
interface between information and energy.

Power electronics may often control the speed 
of electric motors, such as the ones that drive 
the cascaded paper rollers in a paper mill or on 
a printing press. All the rollers have to go at the 
same speed to keep the webs of paper under 
constant tension, otherwise the paper will tear. 
So power electronics controls are continuously 
monitoring conditions and using feedback to 
adjust speed.

At other times, power electronics may be 
converting energy from one form to another. 
One example is converting the stored chemical 
energy in a battery to mechanical energy for 
driving the wheels of an accelerating electric 
vehicle, or converting the kinetic energy 
from the wheels back into chemical energy 
to recharge the battery as the vehicle slows 
to a stop. The electronics for controlling the 
motor can cost five to 10 times more than the 
electric motor itself.

Just as the goal in signal electronics is to get 
the density of information processed as high 
as possible, the goal in power electronics is 
to increase the density of power processed. 
And just as signal-electronics engineers aim to 
reduce noise (so as to reduce signal strength 
and thereby put the maximum amount of 
information into the minimum area without 
interference), power electronics engineers 
aim to increase the efficiency of their chips in 

POWER ELECTRONICS OPEN UP NEW 
ROADS FOR CAR MANUFACTURERS 

The Toyota Prius is currently the most 

advanced and energy efficient hybrid electric 

passenger car available on the market. The 

inverter on the Toyota Prius is one of the 

earliest examples of power electronics to 

be employed in commercial passenger cars. 

The inverter changes direct current from 

the battery into alternating current for 

the electric motor, and alternating current 

from the motor and generator into direct 

current for the battery. The inverter features 

an intelligent power module for enhanced 

dependability.
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dissipating heat. Because heat dissipation from 
high voltages and currents is a big limiting 
factor for power electronics, the chips are 
physically much larger than more familiar 
computer chips.

Power electronics can be found everywhere 
in consumer applications  from the electronic 
ballast in compact fluorescent lamps, to 
the piezoelectric actuators that convert 
mechanical stress into a current that flashes 
the light-emitting diodes in the heels of kids’ 
running shoes.

Power electronics is also crucial in the 
redesign of the electronic system of private 
cars that will début in the next five years. 
The last major change (from a 6 volt) to a 
12 volt system was in 1953. But cars based 
on 36-volt batteries are now in prototype. 
That change, made possible by reliable solid-
state power electronics and microprocessors, 
will revolutionise automotive performance, 
suspension and even styling.

Instead of mechanically actuated engine valves 
driven by an overhead camshaft connected 
by a timing chain to the crankshaft, as 
found in present-day cars, the valves in 21st 
century cars will be electromechanical and be 
individually controlled by power electronics. If 
valves can be controlled individually, you can 
optimise the timing for every speed you’re 
at - and even shut off some cylinders when 
you’re cruising at highway speeds. The result 
will be improved engine power, efficiency, and 
emission control, which will help benefit the 
environment.

The introduction of power electronics for the 
individual control of the pumps for power 
steering, water, and air-conditioning means 
that those three devices will not all be running 
off one accessory belt (fan belt) at the front 
of the car. Thus the packaging of the engine in 
the car becomes less constrained, and gives the 
automotive stylist more freedom in dealing 
with the front of the car.

And the advent of electromechanical 
suspension, where each of the four struts 
is individually controlled through power 
electronics linked to accelerometers, will 
mean that you drive on a corrugated road and 
not even feel it. Researchers in the Dynamic 
Systems Group of the University of Pretoria 
designed and developed a two-state semi-
active hydro-pneumatic ‘spring’, combined 
with a two-state semi-active damper and 
ride height control. This prototype suspension 
has been fully characterised by performing 
mathematical modelling and computer 
simulation of the vehicle dynamics. These 
numerical results correlate very well with 
actual measured characteristics, thus validating 
the models. A multi-body dynamics model of 
a baseline vehicle was developed using ADAMS 
software and verified against road test results. 
The system was successfully commissioned in 
late-2005.

This article has been adapted from Kassakian, 
J.G., 1999, “Behind the Scenes 1: Power 
Electronics,” in Engineering Tomorrow, ed. Janie 
Fouke, IEEE Press.

> The Four-State Semi-active Suspension 
System (4S4) is a novel vehicle suspension 
system that will automatically switch between a 
‘handling’ mode and a ‘ride comfort’ mode and 
is expected to give a 4x4 vehicle a unique com-
bination of sports car handling and legendary 
off-road capability. Mr Schalk Els, Doctor Petro 
Uys, Professor  Nico Theron and their team of 
engineers at the Department of Mechanical and 
Aeronautical Engineering developed the system.

schalk.els@up.ac.za

petro.uys@up.ac.za

nico.theron@up.ac.za
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