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Note that Figure 4 shows bipolar transistors. For lower powers, 
power Field Effect Transistors (FETs) are used. They have the added 
advantage of not requiring discrete diodes as the intrinsic body diode 
provides this function.

Referring to Figure 4, let us assume that a positive current is 
required to flow to the motor red phase, and that the returning nega-
tive current will arrive from the blue phase. To do this T1 is turned 
on and T5 completes the path. (T3 and T2, clearly, are off). As the 
current rises T5 is turned off when the required current is reached. 
Various sensors such as shunts or Hall linear sensors provide current 
feedback. When the required current set-point is reached, normally 
the high side switch (T1) is kept on and T5 is switched off. At this point 
the blue phase abruptly changes polarity and the remaining 'flywheel' 
current flows through D2 and then via T1, back to the red phase. The 
current now falls at a rate proportional to the winding inductance, 
whereupon the cycle repeats. To reverse the current flow T1 and T5 
turn off and are replaced by T2 and T3. This on and off switching is 
known as Pulse Width Modulation (PWM).

Position feedback

Position feedback is commonly provided by an incremental encoder. 
To save space you are requested to use Link 2 in the Resource list 
to get the detail. The incremental encoder has no way of knowing 
the rotor position on switch-on, so it can only measure relative ro-
tor position.

An absolute encoder or a resolver will supply the absolute rotor 
position and can, in addition, be used to signal the commutation 
(polarity change) to the drive. This will mean that the Hall sensors 
are not required.

In the case of the incremental encoder, two signals, 90 degrees 
out of phase, enable the drive to determine whether rotation is 
clockwise or counter clockwise. These signals are referred to as 
quadrature signals.

Be aware that electrical noise which mimics quadrature will 
be falsely interpreted by the drive, with a consequent loss of true 
position. Great care has to be taken to separate power and sensor 
signals and use appropriate screening. In addition, if possible, move 
to a datum switch once per machine cycle. These and other topics 

A servo motor is a highly specialised device. Like an ordinary electric motor, it requires detailed design and a thorough understanding of the 

operating principles. This article reviews the design of a brushless servo motor and drive system in the context of its use in industry.

Brushless Servo 
operating principles

Brushless servomotors have largely replaced brush motors, of-
fering simple construction, absence of electrical rubbing parts 
(brush/ commutator) and high speed capability. In addition, the 

heat developed by the windings is developed in the outside (stator) 
of the motor where it is dissipated by convection and conduction via 
the motor mountings.

Figure 1 shows a typical brushless motor’s rotor. Clearly visible 
are the bearings, permanent magnet rotor and, on the right, a small 
ring magnet which is used to create the commutation signals via the 
Hall effect sensors (see Figure 2).

The stator (see Figure 3) has (in this case) three pairs of pole 
pieces, two per phase. Another possible description would be to call 
this a three phase synchronous induction motor. The windings can 
be connected in star or delta.

These motors are sometimes wrongly called dc (direct current) 
brushless motors. It is true that the drive electronics is dc powered, 
but the motor is unquestionably driven by alternating current (ac).

Link 1 [1] in the ‘References’ (see bottom of this article) will take 
you to an animated description of drive operation. This shows the 
sequential operating principle of the three phase inverter section. 
More detail is provided in the next section.

Inverter section

This is the heart of the drive, where the dc supply is turned into ac 
to operate the motor.

Figure 4 shows the basics. Three ‘half bridges’ can connect the 
motor phases either to the positive or negative supply rails from a 
dc supply.

The transistors are provided with diodes which are needed to deal 
with the inductive energy stored in the motor windings when current 
has been flowing and a transistor is turned off.

The sequence of switching can impart either a clockwise or coun-
terclockwise torque in the motor. The Hall sensors (small solid-state 
magnetic sensors) signal the drive when to switch stator polarity.

The result is the production of a rotating field in the stator which 
drags the permanent magnet rotor with it in synchronous fashion. 
Various sequences of transistor switching are possible, including the 
presently popular flux vector method (description of these modes is 
beyond the scope of this article).
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will be dealt with in a third article in this series which will deal with 
system design and integration. Typical encoder resolutions are 500 
to 10 000 pulses per revolution.

External signals

Position commands are, in general, implemented in three ways:
See Figure 5: The external controller supplies step and direction 
signals in the same way as would happen with a step motor system. 
Each time a step pulse is received, the direction input is checked, 
and the motor rotates in the appropriate direction. When configuring 
the drive settings via the serial port, the permissible following error 
can be set. When this error is exceeded, the motor is stopped and 
the alarm output is set so the controller is aware that position has 
been lost. This feature is not available with an open loop step motor 
system. Note that this control method allows a mixture of servos and 
steppers to share the system.
See Figure 5: It is possible to implement a control language strategy 
via the serial port. Although flexible and comprehensive, this scheme 
requires the system integrator to learn an arcane supplier-specific 
control language. Mixing and matching of drives is not possible.
See Figure 6: A third possibility is to use a host controller (often a PC) 
fitted with a motion controller. In this case the complexity is moved 
to the host controller which receives the motor encoder signals and 
controls the drive by means of a -10 V to +10 V torque demand signal. 
In this case the speed control loop and position control loop reside in 
the host controller. This approach has much to recommend it on large 
systems as the host controller is aware of the motor torque (current) 
and is able to detect the onset of overload and take appropriate action 
such as slowing down.

Control filter

This is the heart of the system and resides either in the drive micro-
processor or in the host controller. In both cases the processing is 
done digitally. Figure 7 shows the operating principle. 
*   The position register receives a destination set-point from the 

system controller
* The quadrature up down counter holds the actual rotor angular 

position. Depending on the direction of rotation the count in-
creases or decreases

* The subtractor subtracts the position from the set-point and 
calculates the error signal

* The proportional term scales the error signal (bigger or smaller) 
and it becomes the output signal which, after passing through the 
summer, causes the motor to rotate in a direction which minimises 
the error

* The integral term integrates the error with respect to time which, 
after passing through the summer, adds to the output signal and 

Abbreviations/Acronyms 

Ac  – Alternating Current
Dc  – Direct Current
EMI – Electromagnetic Interference
FET  – Field Effect Transistors
PC  – Personal Computer
PWM  – Pulse Width Modulation

Figure 1: Motor rotor.

Figure 2: Hall Effect sensor.

Figure 3: Motor stator.
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 the restoring force on the motor is increased. In this way the error can theoretically 
be reduced to zero

* The derivative signal measures the rate of change of the error signal. This is sub-
tracted from the output signal which slows the rate of error reduction, and avoids 
overshoot
o The PID coefficients are set when the system is tuned during commissioning
o Unlike the process industry, motion systems do not suffer from system lags, 

as changes in rotor position register instantly in the controller. This section is 
of necessity brief due to space constraints

 • Attention to mechanical issues will help minimise system problems. These 
include:

o Avoid inertia mismatch caused by excessive load inertia compared to the 
motor rotor inertia

o Avoid lost motion (backlash) in the drive train
o Construct the machine in a way which minimises mechanical resources

These, and other issues, will be dealt with in the third article in this series which deals 
with system integration.

Conclusion

The most important aspects of brushless drive technology have hopefully been covered 
in this article. Questions can be addressed to glyn@techlyn.co.za. (Please place ‘EC 
article’ in the subject line to avoid my spam filters).
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Figure 4: Inverter section.

Figure 5: Step and direction or serial control.

Figure 6: Torque control via host controller.

Figure 7: PID positioning filter.

Mechatronics Training

Mechatronics specialist, Techlyn, is now offering training for technicians and engineers 
(both mechanical and electrical).
Taking a multi-disciplinary practical approach, topics covered will include :
• Mechanical considerations such as inertia matching, torque and power.
• Electrical basics such as Pulse Width Modulation (PWM) and encoder operation
• System setup, including tuning of Proportional, Integral, Derivative (PID) filters
• Program design and flow
•  Operator interfaces
•  Mechanical and electrical safety
•  System wiring layout to ensure reliable operation
•  Fail-safe operations
•  Actuator design
•  Hands-on training
Techlyn has represented California-based Galil Motion Control (www.galilmc.com) 
since 1994. Galil manufactures a comprehensive range of motion controllers and 
Programmable Logic Controllers (PLCs). They are programmed using Galil’s easily 
learnt programming language and free Windows design tools. The photo shows a 4 
axis motion controller offering high end features such as dual encoders on each axis 
and comprehensive analog and digital inputs and outputs (IO).


