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57 ABSTRACT 
A digital control system is provided to regulate the 
speed of a brushless DC motor via pulse-width modula 
tion. Digital counters are used to measure the difference 
between the time for a motor revolution and a reference 
time. This time difference is in turn used to control the 
time until the application of power during a fixed per 
iod. A motor speed decrease increases the difference in 
time between a motor revolution and the reference 
time. This decreases the power pulse delay time and 
results in an increased power-on time to bring the motor 
back up to nominal speed. 

1 Claim, 2 Drawing Figures 
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CONTROL FOR A BRUSHLESS DIGITAL SPEED 
DCMOTOR 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The invention relates generally to brushless motor 

speed controls and more specifically to digital speed 
controls. 

2. Brief Description of the Prior Art 
Prior brushless motor speed controls have had two 

basic aspects, a speed sensing technique and a power 
control technique. Among the speed sensing techniques 
2: 

1. Frequency to voltage conversion involving con 
verting rotor position sensor signals to a voltage pro 
portional to shaft speed and comparing this to a refer 
ence signal to develop an error signal; 

2. A phase locked loop wherein the rotor position 
signal is phase compared with a reference signal to 
develop an error signal; and 

3. A digital measurement of rotation time from the 
rotor position signals which is compared with a refer 
ence time period to develop an error signal. 
Among the power control techniques are: 
1. A linear control wherein the error signal controls a 

linear regulator of motor drive voltage or current; 
2. An on/off control turning the power off at nominal 

speed or on and off over fixed-width control periods; 
and 

3. Pulse-width modulation in which the error signal is 
used to control the duty cycle of power continuously 
applied to the motor. 
The present invention generally employs the third 

mentioned of these techniques in an improved, cost 
effective fashion suitable in those environments where 
the brushless motor is to be driven at a constant speed. 
U.S. Pat. No. 4,103,216 to Hayes employs both digital 
time measurement and pulse-width modulation; how 
ever, the algorithm used therein necessitates a digital 
memory, several registers and and arithmetic-logic-unit, 
which are not needed by the present invention. See also 
U.S. Pat. No. 4,218,735 to McCutcheon which uses an 
even more complex microprocessor. 

SUMMARY OF THE INVENTION 

The invention comprises a sensor which outputs a 
periodic signal on rotation of the motor's rotor; a 
counter which begins counting on receipt of one sensor 
output signal and outputs a Tref signal upon reaching a 
predetermined Tefcount, the time to count to Tfbeing 
just shorter than the time between two sensor output 
signals when the motor is operating at nominal speed; a 
delta-T counter which begins counting on receipt of a 
Trefpulse and ends counting on receipt of the next sen 
sor output signal or upon reaching maximum count, 
whichever comes first, and a pulse delay counter which 
loads the delta-T count and counts up from there to a 
predetermined count, preferably its maximum count, 
and then outputs a signal which enables power applica 
tion to the motor for the balance of a fixed period. 
When the motor speed is such that the time between 

sensor outout signals is less than or equal to Te?, delta-T 
is equal to zero and the pulse delay counter will count 
its maximum before enabling power application. This 
maximum delay slows the motor. As the motor slows, 
the time between sensor output signal increases beyond 
Tref, delta-T is greater than zero, and the pulse delay 
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2 
count is likewise lessened, shortening the delay to 
power application, and increasing the amount of time 
power is applied to the motor during the fixed period. 

In the preferred embodiment, the sensor output oc 
curs once each 360 of rotor rotation. Further timing 
means outputs a pulse each 30, or 12 times during this 
interval. At each 30 pulse, the pulse delay counter 
loads the delta-T count from a latch and counts up to 
enable power. There are, then, 12 equal delays and 12 
equal periods of power application between sensor out 
puts, after which a new delta-T has been counted and 
loaded into the latch. The new count is used in the 
subsequent 12 time intervals. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram of the digital speed 
control for a brushless DC motor of the present inven 
tion; 
FIG. 2 shows a timing diagram of various of the 

significant signals of FIG. 1. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Referring to FIG. 1, speed control 10 of the present 
invention is used in conjunction with a conventional 
brushless DC motor 20 having conventional commuta 
tor power control logic 30. While the present invention 
is described in relation to a brushless DC motor, it will 
be apparent to those skilled in the art that with minor 
modifications the invention made be applied to any DC 
motor. 

In the conventional brushless DC motor 20, the rotor 
is a 4-pole permanent magnet type. Sensors S1 through 
S3, typically hall effect sensors, are spaced from each 
other 30 degrees. On rotation of the magnets of the 
rotor, the hall effect sensors output a repeating periodic 
signal, as shown in the timing diagram S1, S2 and S3 of 
FIG. 2. One of these signals, S1 in the figure, is input to 
a divide by two circuit the output of which becomes the 
360 degrees signal shown in FIG.2. As can be seen from 
FIG. 2, the 360 degree signal has a positive going transi 
tion each 360 degrees of rotation of the rotor. The posi 
tion sensors S1 through S3 also provide inputs to the 
power commutation electronics 30, which switches the 
DC power alternately through stator windings A, B and 
C in a star configuration as known in the art. 
The leading edge of the 360 degree signal 44 triggers 

a two cycle control 40 which outputs the mutually 
exclusive signals phi-A and phi-B 62 and 64, respec 
tively. On phi-A, the output from the delta-T counter 50 
is loaded into the delta-T latch 54. On phi-B, the refer 
ence time counter 46 and the delta-T counter 50 are 
reset. Phi-A and phi-B are synchronized with the 
counter clocks 42 via control clock 72. 

In the preferred embodiment, where it is desired to 
operate the brushless DC motor at 3,600 rpm's, the 
crystal controlled clock 42, driven by a 4 megahertz 
external clock source, outputs the following clock sig 
nals at the following rates: the Trf clock 66 is a two 
megahertz signal; the delta-T clock 68 is a one mega 
hertz signal; and the delay counter clock is a 62.5 kilo 
hertz signal, which is one-sixteenth the rate of the delta 
T clock signal. 
At the receipt of a phi-B signal 64, the reference time 

counter 46 is reset. The phi-B signal, as previously men 
tioned, signals the receipt of a 360 degree signal from 
hall sensor S1. Thereafter the Terclock 66 clocks the 
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reference time counter 46 at a two megahertz rate. The 
receipt of the clock causes the counter to increment. 
Internal logic compares the counter's count with a pre 
determined count, Te?, which in the preferred embodi 
ment, is a count of 33,280, which represents 16.64 milli 
seconds. If the rotor rotates 360 degrees in 16.64 milli 
seconds, it is rotating at 3,605.8 rpm's. 
When the reference time count counters count ex 

ceeds Tef, the counter 46 outputs a signal 48 which 
represents the fact that the rotor's time period, T, ex 
ceeds the reference time period, Tref 
This signal 48 is provided as count-enable input to 

delta-T counter 50. On receipt of this input 48, delta-T 
counter begins to count. The counter increments at the 
rate of one increment every microsecond, as the delta-T 
clock is one megahertz. In the preferred embodiment, 
the delta-T counter is only a six-bit counter. The maxi 
mum count represents 64 microseconds. 
At the next receipt of 360 degree signal, phi-A is 

generated by the synchronous control 40, which causes 
the delta-Tlatch 54 to copy the count present in delta-T 
counter 50. Thereafter, synchronous control 40 gener 
ates phi-B, which resets the delta-T counter 50 (it also 
resets the reference time counter 46). The delta-T 
counter is of a type which holds on maximum count, 
i.e., it does not overflow to zero on incrementation from 
its maximum count. 
The three hall effect sensors S1, S2 and S3 are also 

provided as inputs into a 30 degree pulse edge detector 
60, which outputs a pulse 74 every thirty degrees, as can 
be seen by reference to FIG. 2. This 30 degree pulse 74 
is provided as an input to delay counter 56 and causes 
the delay counter to copy the count present in the delta 
T latch 54. At the fall of the 30 degree pulse, the delay 
counter begins counting up from the count it just loaded 
toward a predetermined count, or, in the case of the 
preferred embodiment, the counter's maximum count. 
In the preferred embodiment the delay counter 56 is a 
six-bit counter. Thus the maximum count is 64. On 
reaching its maximum count, the counter holds. It also 
outputs a signal, drive-enable 76, which is provided as 
an input 78 to power commutation control 30. On re 
ceipt of the drive-enable signal, power is applied to the 
stator windings, as can be seen in the drive enable tim 
ing diagram of FIG. 2. It will also be noted that, at 
every 30 degrees, the power commutation control 30 
switches the power to different terminals of the stator 
windings, as shown in the timing diagram for coils A, B 
and C in FIG, 2. 

In the preferred embodiment the delay counter 56 is 
a six-bit counter. Clock 70, operating at 62.5 kilohertz, is 
16 times slower than the delta-T counter clock 68. Thus 
every one microsecond count of the delta-T counter 
converts into a decrease of 16 microseconds in the delay 
time of delay counter 56. If the delay counter were to 
count its entire count before reaching maximum count, 
it would count 64 counts of 16 microseconds each for a 
total maximum delay time of 1.024 milliseconds. At 
3,605.8 rpm's, the time between 30 degree pulses is 1.387 
milliseconds. Thus when the rotor is rotating at 3605.8 
rpm's, at which T is equal Te?, the delta-T counter is 
equal to zero, and the delay counter counts its maximum 
delay of 1.024 milliseconds, the power on time is 1.387 
milliseconds minus 1.024 milliseconds, or 0.363 millisec 
onds, which is the minimum power-on time. As motor 
speed decreases, the duration of a 30 period increases 
as well as the percentage of time power is on during the 
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4. 
period. This results in a rapid increase in power as speed 
falls, bringing the motor back up to nominal speed. 
At all speeds where T, the time counted by the refer 

ence time counter between two 360 degree pulses is less 
than or equal to Tre?, (i.e., greater than or equal to 
3605.8 rpm's) the delta-T counter 50 will count zero 
counts and the delay counter 56 will count its maximum 
count for a delay of 1.024 milliseconds. Similarly when 
the time period T exceeds the Treftime period by 64 or 
more microseconds, which represents an rpm of 3592, 
the delta-T counter 50 will reach its maximum count 
(16) and the delay, counter 56 will load this maximum 
count and "immediately” turn on the drive-enable 76, 
resulting in a minimal delay. 
A "Speed OK' signal is generated when the motor 

speed is above 3,592 RPM and below 3,605.8 RPM. The 
Speed OK latch monitors the Trefcounter and the delta 
T counter. If delta-Treaches its maximum count, speed 
is below 3,592 RPM; if the reference counter fails to 
reach Te?, speed is above 3,605.8 RPM. 
The control input 84 serves as an on/off signal. A low 

level on the control input clears the counters and inhib 
its the drive-enable output. 

It is to be understood that the specifications of clock 
frequencies, rpm's and the like are exemplary only for 
the preferred embodiment in which the brushless DC 
motor drives the rotor at a nominal rpm of 3600. Other 
time bases and predetermined counts may be chosen by 
those skilled in the art for equivalent applications. For 
example, in a variable speed motor, means might be 
provided to vary the Tref count in the reference time 
counter 46. Similar modifications will occur to those 
skilled in the art. 
An advantage of the all-digital speed control 10 of the 

present invention is that it may be manufactured on a 
single LSI chip which lowers its cost. Also the digital 
system can be made flexible by designing the various 
counters and reference counts to be programmable 
which adds the ability for a single speed-control chip to 
perform multiple functions and be used in different 
applications. 
The enumeration of the specific elements of the pre 

ferred embodiment is not by limitation on the scope of 
the appended claims in which I claim: 

1. A digital motor speed control comprising: 
sensor means for producing a periodic sensor output 
on rotation of a motor's rotor; 

timing means for measuring the time, T, between 
sensor outputs including counter means for count 
ing from an initialized count in response to receipt 
of a first sensor output; 

comparison means for measuring how much the sen 
sor output time, T, is greater than a reference time 
Tef including means for comparing the count of 
said counter means with a predetermined count, 
Te?, means responsive to said counts being substan 
tially equal for outputing a Trefsignal; 

delta-T counter means for counting from an initial 
ized count on receipt of said Trefsignal and ending 
counting in response to receipt of a second sensor 
output, the ending count comprising a delta-T 
count; 

delta-T latch means for retaining said delta-T count 
between two sensor outputs; 

means for dividing the time between two sensor out 
puts into a predetermined number of fixed periods 
and means for outputing a pulse signal at the end of 
each period; 
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power in a periodic application of power to the 
motor including means responsive to said compari 
son means for reducing the amount of delay in 
proportion to the greatness of the difference be 
tween the sensor output time, T, and the reference 
time, Tef, which includes delay-counter means for 
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6 
periodically loading the delta-T count from said 
delta-Tlatch in response to said pulses and means 
for counting up from there to a predetermined 
count, and means for then enabling power applica 
tion to said motor. 


