SPD-1 PWM
Speed Controller

Andy Shaw

both radio control models and

microcontrollers has a go at this one!
Having tried various commercial speed
controllers | decided to have a go mysdlf. My
original design made use of a MOSFET H
Bridgeto avoid having areversing relay (I
really hated the way you had |ots of chatter
from some speed controller's reversing relay).
However this seemed to be rather over the top
for the type of scale modelsthat | build.
Instead | decided to build a controller with a
reversing relay but avoiding all of the chatter.
So the basic specification got to ook like
this...

Probably everyone that plays around with

No Relay chatter.

Soft Start.

Safe switch on (the props on Submarines can
be very sharp!).

5-10A current handling.

High frequency PWM.

Failsafe on signal loss.

LED statusindicator (I like flashing lights!).

Hardware

As you can see from the photograph the
hardware is minimal. A MOSFET to provide
the PWM switching, asmall DPDT relay for
reverse operation, adriver transistor for the
relay, the all important LED and a few
smoothing capacitors. The chip | used was the
PIC 16C61 (basically a 16C71 without the
A/D).
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Radio Control Input

When developing a previous project | created a
set of Macros that provide a smple timer
based scheduling system. Thisin adightly
updated form was the base for this project.
Again | make use of TMRO to provide the
underlying timing of the system. Making use
of my preferred setup so that a standard radio
contral pulse (See Figure 3.) isrepresented by
avalue of -64..+64. Unlike the earlier work
this project does not perform most of the
capture of the R/C pulse at interrupt time.
Doaing things this way caused many problems
with jitter in the PWM output. Instead the
interrupt routine simply captures the value in
TMRO at the start and end of the pulse and
schedules a non-interrupt task to actually
perform the processing. Aswith my previous
project the R/C input routines provide
detection of loss of signal and trigger a failsafe
mode.

PWM Generation

| wanted as high a frequency PWM as possible
without using hardware or fast clock rates. |
use a standard 4MHz part, so | decided upon a
2KHz (approximately) PWM frequency (see
figures 5 and 6). At thisfrequency | found |
could generate a pulsetrain that had a step
granularity of 8uS which gives 64 distinct
steps. The smallest pulse | could generate was
10uSin length (Seefigure 4.). The code
actually performs all of the setup work outside
of the main PWM loop. Thisloop isthe
highest priority task and when called assumes
that it is partway through the longer part of the
cycle. It synchronizes with TMRO and
completes this longer phase. It then makes use
of a software loop to generate the shorter part
of the cycle. When thisis completeit sets
things up for the longer cycle and allows other
tasks to run.

All of the other tasksrun during thelonger part
of the cycle. These tasksinclude: R/C input
helper task, PWM Move generation, PWM
Parameter generation, R/C timeout and the
status indicator task.

Of these tasks perhaps the most interesting is
the PWM move generation. Thistasksjobisto
take the R/C input and to change the PWM
output to match it. It isthistask that provides
the soft start function by providing a smooth
ramp up of the PWM output rather than a
sudden jump. Thistask also controls the
reversing relay. Providing two switching
points rather than one, thusintroducing a
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degree of hysteresis preventsrelay chatter. A
nice additional touch isthe use of atimer so
that the relay is always turned off when the
R/C stick is at neutral for any length of time.
Thefinal function that is provided by this task
isto ensurethat therelay is only switched
when the motor is at rest. This allows alower
rated (and smaller) relay to be used. A control
input moving from full forward to full reverse
resultsin output from this task that takes the
PWM to zero, asmall pause (to alow the

motor to stop), therelay is switched, then a
smooth ramp up to full power.

The actual trandation of R/C input to PWM
output is doneviaalook up table. This allows
the power curve to be soft. In the current
implementation the curve provides a lower
ramp in speed at the low to middle part of the
curve. This allowsfiner control at the more
commonly used speeds.
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Figure 1. Full circuit diagram for the SPD1 PWM Speed Controller.
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Figure 2. Component layout and connections
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Figure 3. R/C pulse at neutral
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Figure 4. Minimum PWM pulse width

Telk o L CURSOR

i itop W Pas: 0000
! - N N N

o Type

Source
CH1
Delta

230.0,us

3.448kHz

R [EEEEE ITEEE IR EE T TR NS FEREY EEE R R I

coreor 1
0.000s

Cursor 2
290,008

CHY S00raY k25008 CH2 7 264v

Figure 5. P\WM pulses at minimum power
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Figure 6. P"WM pulses at half power
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