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Gener ic  3-Phase  Brushless  DC  Motor   Dr ive. 
 

 
 

 
 
 
 

·  RUGGEDISED HERMETIC DESIGN 
 
·  MIL  TEMPERATURE RANGE 

 
·  HIGH PEAK CURRENTS AND RMS CURRENTS 

 
·  EXCELLENT POWER HANDLING 

 
·  FAILSAFE SOFTWARE TO PROTECT FET BRIDGE 

 
·  ALSO COMPATIBLE WITH STEPPER MOTORS 

 



� � � � � �� � � � 	 
 � � � � �
 � � � � � �

� � � � �
 � � � �  

Date: 8th May 2008 

 
 
Introduction. 
 
The development of a 3 phase BLDC motor system will require hardware with a 
certain amount of robustness built in, as it is all to easy to lead to situations that could 
permanently damage either the bridge or motor during software development.  
To ensure such situations are controlled correctly it is recommended that a FET driver 
chip, with many of the safety features built in, is used to control the bridge and that 
the connections between these two devices are robust if the bridge is not directly 
hardwired to the driver chip. 
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Motor  Character istics. 
 
The controller is designed to be used with any 3 phase brushless DC Motor that has 
hall sensors for determining the phase of rotation. Depending on the winding details 
of the motor the bridge FETs will be chosen for adequate voltage compliance and 
minimum ON resistance. The inclusion of hall effect devices to sense the phase of 
rotation simplifies the software design of the controller, if the motor has no such 
outputs then specialized software is required at start-up and whilst running, to sense 
the phase of rotation. The device can also be used with stepper motors. 
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The Br idge 
 
This consists of 6 FETs arranged as 3 high side drivers paired with 3 low side drivers, 
all FETs are N-type as these are both cheaper and smaller with a lower ON resistances 
than their P-type counterparts. The body of the FET also has a built in reverse bias 
diode which can cope with the back emf-transients of the motor. However, with 
different motors, then additional diodes may be required to protect the FETs. The 
current design is capable of driving FETs with a supply voltage in excess of 500V. 
For higher supply voltages the FETs would need replacing with IGBT’s and the 
driving circuit modified appropriately, to including opto-isolators. The bridge also 
includes a temperature sensor to prevent damage resulting from going over-
temperature. 
 
The Sense 
 
This is a very important stage of the controller as, if designed incorrectly, it can give 
either false current readings or significantly reduce the power available to the motor. 
In our controller this is a low inductance 0.003 Ohm resistor and although the motor 
takes 200 Amp pulses, the average current is around 20 Amps and so we loose 0.06V 
on average from a 10V supply. If resistive sensing is not an option because of 
excessive voltage drop then a small coil and hall effect sensor will perform the current 
sensing operation. 
 
The FET Dr iver  
 
This is an essential part of the controller and where possible should be implemented 
as a single chip solution to avoid damage to the bridge due to manufacturing defects. 
The driver has several important functions none of which should be omitted in high 
power drives. These include the following. 

·  Immediate shutdown for under-voltage detection from the step-up PSU. 
·  Immediate shut down for incorrect bridge sequencing. 
·  Immediate shut down for peak over-current detection. 

During controller development it can be relatively easy to set up conditions that could 
permanently damage the bridge, a single chip solution to driving the bridge almost 
guarantees that such conditions are dealt with before damage can occur. 
 
The Filter , PSU and Step-up PSU. 
 
Filtering is required to remove noise from the supplies generated by both the PWM 
switching frequency and commutation changeover. Both of these produce fast 
transients that can damage the low voltage chips associated with the uProcessor (And 
possibly the FETs) and introduce unwanted noise in to the system. 
The processor PSU can be a linear regulator in low voltage systems although designs 
can vary if the supplies are of a higher voltage. The step-up PSU can be run from the  
processor PSU for stability and can even be switched on and off when not required in 
battery systems. 
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The uProcessor  Control 
 
The processor will run the control loop software adjusting drive to the motor by PWM 
of the bridge. Essentially the software loop must have enough time to analyse the 
manual inputs (speed/position of system), measure current and rpm of the motor and 
perform the closed loop calculation for system requirements (ie constant speed, 
torque, power etc.) and update the PWM. For tight control of a high speed motor 
system the processor may be required to be a fast DSP type with dedicated PWM 
channels. (eg 56F801). 
 
Environmental Conditions 
 
Hermetically sealed metal package: 
Operating temperature:    -55°C to +125°C 
Storage temperature:     -65°C to +150°C 
 
Epoxy or plastic package: 
Operating temperature:    -40°C to +95°C 
Storage temperature:     -40°C to +95°C 
 
Case Study.  
 
Requirements 
 
Requirements were for a hand held drill to provide speed and power control from a 
single input trigger. The power control was undefined but had to give the operator a 
‘good feeling’  of when the drill was about to stall and smooth operation under a wide 
range of load conditions. The motor was to run off a 10V battery supply and also have 
a forward and reverse switch. Finally, as the drill was to be used in an operating 
theatre it had to be reliable and capable of withstanding a daily autoclave. (Pressurised 
steam at 130°C). 
 
Supply Voltage (Working range)    6-12   V 
Average Continuous Current     30       A rms 
Max. Peak Current      200 A 
PWM Switching Frequency     32 kHz 
Maximum motor speed     12,800 RPM 
Processor       Atmel Mega8  (8 bit). 
Processor Frequency      8 MHz 
 
Protection. 
Under Voltage gate cut-out. 
Peak over-current PWM cycle-by-cycle. 
Incorrect sequencing cut-out. 
Over-Temperature Cut-out.*  
 
* Implemented in software all other protection is hardware controlled and cannot be 
overridden. 
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Software. 
 
In the above example the amount of processor time between PWM cycles is:- 
 
Processor Freq./PWM Freq. = 8 MHz / 32 kHz = 250 cycles. 
 
An average instruction (most instructions) is 2 cycles long, so we will have 
approximately 125 instructions per PWM cycle. 
 
 
With an interrupt driven algorithm the following was accomplished in less than 125 
instructions. 
 
Software main control loop. 
 
1/ Read the trigger position (ADC1) 
 
2/ Filter trigger position (Low Pass). 
 
3/ Read average current (Pre-filtered in hardware, RC filter, ADC2). 
 
4/ Filter current (Low Pass). 
 
5/ Get latest speed. (From interrupt routine, calculated on each phase change 12th 
rotation). 
 
6/ Calculate power. (Function of I squared and speed). 
 
7/ Use look-up table for PWM. (This gives the correct ‘ feel’  by backing off the power 
as the torque is increased). 
 
8/ Read Temperature (Terminate if over) 
 
9/ Inc or Dec the PWM to  closer to desired PWM. 
 
10/ Check for stall (Simple timer to check phase does change before timer times out). 
 
Included in the above also has to be the time taken to complete the interrupt routine 
which is executed once per PWM cycle. The interrupt routine performs the following 
tasks. 
 
 
 
 
 
 
 



� � � � � �� � � � 	 
 � � � � �
 � � � � � �

� � � � �
 � � � �  

Date: 8th May 2008 

 
 
Inter rupt Routine. 
 
1/ Read hall inputs. 
 
2/ Use simple lookup table to determine correct bridge drives. 
(Look-up table is different depending on direction of fwd/rev button when motor is 
first started.) 
 
3/ If hall inputs have changed Then 
                                                     1/ Update speed. 
              2/ Change phase (Noise reduction)*  
     3/ Reset stall counter. 
     4/ Speed counter = 0. 
                                                  Else 
     1/ Speed counter = speed counter +1. 
 
 
*  On a change of motor phase special sequencing of the bridge driver can 
dramatically reduce the voltage spikes produced when an energized coil moves out of 
phase and is de-energized. 
 
 
 
 
FOR FURTHER INFORMATION OR SPECIFIC REQUIREMENTS PLEASE 
CONTACT EXTEC SALES DEPARTMENT: 
 
TEL:  +44(0)2392 382222 
FAX:  +44(0)2392 384100 
EMAIL: sales@extec.co.uk 


