ELECTROMECHANICAL SYSTEMS

STUDY FILE 1-"BIT BY BIT" CONTROL

All of the electromechanical actuators described can be
controlled with the TEP “Bit by Bit” controller using either
transistor or relay outputs.

Introduction

The TEP bit by bit controller is a self-contained electronic
controller capable of switching on or off up to 8 different outputs
over a period of time. It is programmed by setting each of eight
small DIP switches to either 'on' or 'off' and then committing
these instructions to memory by pressing a push switch. The

memory can hold up to 64 such lines of program. The total IMPORTANT
program can then be run at different speeds to control a variety TECHNICAL NOTE:

of devices such as lamps, buzzers and electric motors. )
Under some circumstances

the bit by bit controller can
be affected by electrical
noise, e.g. from electric
motors. This is discussed on

CE % PROG ON RUN @svaJ page 12
é ON © ] [} ] E
oL : ol o e L .
- : b The noise immunity of the

(3( Dé) d ul -
eCO9 A ; controller can be improved
@@@Exs g g by adding an optional
S iistete® g g capacitor at position C3.

Soogoonte B B This should be

[LELETLISS : {c— -

AAVACAACAAY approximately 0.1uF.
MEMORY 12345678

PROGRAM DATA
O PAUSE INPUT - TE P
BIT-BY-BIT
O v CONTROLLER O o =l
O GRouND N
Q0~” E
c3 T SPEED ~
ADJUST
Setting Up

The controller is supplied complete to run and program; output
components are added if and as required. The controller requires
either a 6V battery power supply or a supply from a PSU (power
supply unit) which is regulated. THE MAXIMUM SUPPLY
VOLTAGE IS 6 VOLTS. IT SHOULD BE NOTED THAT A
BATTERY SNAP CAN INADVERTENTLY BE CONNECTED TO
A 9V SOURCE.

A 4 x AA battery box and battery connecting snap is supplied
with the board. If used, the snap should be soldered to the points
marked + and - at the top of the board, if necessary using the two
spare holes as mechanical anchorage for the two leads.

Any program will be lost if the battery is disconnected for
more than 20 seconds. Because the standby current
consumption of the board is so small, it is preferable to leave
the battery connected all the time.
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Basic Principles

The TEP controller uses a single IC (integrated circuit) containing
a memory where information can be stored in electronic form. It
is useful to think of this memory as a book having a stack of
pages. Every page represents a line of control programming and
has 8 blank spaces - each one waiting to be filled with a bit of
information. Each vertical column of blanks will contain the
remembered instructions for a control output. Each control
output is connected to an LED 'flag'.
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The memory locations are filled with individual bits of
information - of which there are only two types: logic 1 or logic
0. In the controller’s memory these are really instructions which
mean either turn ON an output (logic 1) or turn OFF an output
(logic 0).
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The information is written on each 'page' of memory by setting
the 8 DIP switches to either 'ON' or 'OFF' and then pressing the
'MEMORY'" press-button switch . Pressing this button 'writes' the
PROGRAM DATA switch settings into memory and automatically
turns over to the next '‘page’. This procedure can be repeated up
to 64 times - the maximum number of pages or locations in the
controller’s memory.
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The illustration shows a sample 6-line program for the two left
hand outputs. When the controller is instructed to read this
program, it turns over the 'pages' at a set speed. An 'ON' bit of
information lights up an output LED and an 'OFF' bit turns it off.
If, for example, the controller is set to read each page for a
second at a time, the LED on the far left hand side will turn on
for one second off for the next and so on. LED number 2 will
turn on for two seconds and then stay off for two seconds. When
the program has been run - i.e., all the 'pages' turned over - the
controller will automatically start again at the first line of the
program. Unless it is stopped, the program will run over and over
again.

Please note: the remainder of this text will refer to lines of
program and not pages.
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Programming the Bit by Bit Controller
Using the whole-board diagram as a guide, you should now be
able follow these instructions for programming the controller.
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1. Make sure the RUN and PROGRAM switches at the top of the
board are set at the 'PROG OFF' and 'STOP' positions.

2. Connect the battery or power supply.
3. Set the program switch to 'PROG ON'.

4. Write a line of program by setting
each 'PROGRAM DATA' switch to
either 'ON' or 'OFF'. This will turn the
LED outputs on of off. Because the
program switches are small, it is more
convenient to operate them with a stylus -
e.g., the tip of an empty pen.

5. Press the 'MEMORY" switch to write this line of program into
memory. When you do so, all the LEDs will flash on briefly to
confirm this has happened.

6. Repeat steps 4 and 5 above up to 64 times - once for each line
of memory. If you try to go beyond 64 lines of programming,
the extreme left hand LED will flash continuously.

There is no problem if you write a program less than 64 lines.

When the program is run, it will loop back to the beginning
after the final line.
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Running the Program
1. Switch the programming switch to 'PROG OFF'.

2. Set all the 'PROGRAM DATA' switches to the 'OFF' position.

3. The 'PROGRAM DATA!' switches will now control the program
run speed. As an example, set the fourth switch from the left to
'ON".

4. Set the program run switch to 'RUN'. The program will now
run at approximately 1 line per second. (Setting one of the
other 'PROGRAM DATA' switches will run the program at a
different speed - see below.) The LEDs will turn on and off
according to the stored program in memory.

The speed of execution of the program depends on which
'PROGRAM DATA' switch is set to the 'ON' position and also on
the setting of the 'SPEED ADJUST' resistor at the top of the board.
The 'PROGRAM DATA' switches provide speed adjustment in
fixed steps or ratios. The 'SPEED ADJUST' resistor provides overall
continuous adjustment - faster or slower. To calibrate the
controller to run at the speeds printed above the 'PROGRAM
DATA' switches, create a simple program that turns LED 4 on for
one program line, off for the next - and so on (keeping all the
other LEDs off). Run this program, and time the result against a
watch - altering the 'SPEED ADJUST' so that eventually the LED
turns on and off at one second intervals.

= N - =
:E ; PROG ON A © Oev N o C2
\ b&3a a1l
: éggg L g
Z d Pl s *sPeep
z e ] b ADJUST\ 0
d b verall
eCD9 L d b I~ d
= PROG OFF sToP d b Sp_ee
o g P adjustment
RUN SPEED d B
Speedin _| S8 »  fititn I
— d b
seconds Q0000000 0w = & H
gg uooguEuuEs. E|gpl P
12345678
UUUUUUUU
MEMORY T2345678
M

]
3

PROGRAI sA A
/_\EW/
IT-BY-

If setting switch 4 provides a run speed of one program line per
second, the switch on the far right will give program steps of 20
seconds duration. This adds up to a maximum 64 line program
run time of 20 seconds x 64 lines = 1,280 seconds OR
approximately 21 minutes. This run time can be extended
further by adjusting the resistor. Remember, though, this also

affects timings provided by the other 'PROGRAM DATA' switches.

Important note: The TEP controller has a volatile memory. This
means that a program is lost when the power supply is
disconnected although the larger capacitor at the top centre of
the board will keep it energised for about 20 seconds. However,
the Standby Current Consumption of the controller's chip is so
low it can be left connected for most practical purposes.
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Technical note: capacitor
C2, together with the two
resistors at the top right hand
corner of the board, controls
the chip's clock speed. This
is 390 pF. Ifitis replaced
with a lower value (no lower
than 50 pF) the top run speed
can be considerably
increased. However, it will
also have the effect of
flashing the LEDs more
rapidly when the memory
button is pressed and the
standby current consumption
will increase slightly.
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Using the Controller’s Outputs

The bit by bit controller has 8 LED flags to show the status of
each output. This enables you to create programs and run them
but not to actually control anything! To switch a load such as a
motor on or off a buffer stage has to be added to each output in
use. For convenience, the controller board has additional printed
tracks and locations for transistor buffers on all the outputs and
transistor-plus-relay buffers on four of them. (Note: the board
has only enough room physically for relays on the four left hand
outputs.)
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Using the Transistor Outputs
The recommended output
transistor for which the board
has been designed is the
inexpensive BCX38B. This is a
Darlington pair device and
will switch on a load of nearly OR
1 amp (800 milliamps
maximum). This is quite
sufficient for most filament B E E
bulbs, buzzers and a solar C C B

motor. BCX38B
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To add a transistor to any required output, fix and solder in
position a 10 K resistor and BCX38B transistor - for example, at
the positions marked R8 and TR1. Make sure the transistor is the
correct way around by matching the case outline with the
outline on the board. Flying leads to the load are soldered to the
+6 V point and open collector output for each transistor. The
diagram shows a lightbulb connected to output 1. A circuit

diagram for this output is also shown
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REMEMBER that when several transistors are used, the total load
current - which can be quite high if all outputs are used - comes
from the battery powering the controller. This could be depleted
very quickly. Always work out the total load current (or an
average for outputs switching on and off) and think carefully
about the type of battery needed.

It is possible, for example, to run the following devices directly
from the transistor outputs:

buzzer solar motor
stepper motor

filament bulb
miniature solenoid

Any motors other than the more expensive solar motor
should be run from a relay. This is because they produce a
high degree of electrical noise which may interfere with the
operation of the chip.
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A motor, solenoid or any other device with a coil is an inductive
load and can produce a high voltage momentarily when
switched off (back EMF).

Solar motor Miniature solenoid

To prevent this damaging the transistor, a clamping diode should
be added as shown in the diagram. This can be a general purpose
type such as IN4001.
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The most convenient way of connecting a clamping diode to an
inductive load is to use one of the first four left hand outputs and
simply solder in a diode as if you were using a relay. Itis
IMPORTANT to ensure that the diode is soldered in the correct
way round - with the marked end facing towards the right.
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IMPORTANT

To avoid electrical
interference any small
electric motor must be
suppressed using two
capacitors as shown - 0.22uF
ceramic, 10uF electrolytic.

It is important to ensure
that the electrolytic
capacitor is correctly
connected to the power
source. The side marked
should be connected to —ve.
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Using a transistor output with an external power supply

To avoid draining the battery powering the board itself, a load can
be connected to a separate power supply, ideally a battery, up to
24V. The diagram shows a lightbulb thus connected to output 1.
A circuit diagram for this output is also shown.
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Remember that if a separate battery is used, the total load current
should not exceed 800 mA otherwise the transistor will be

damaged.

Please remember that if an inductive load,

such as a motor, is

connected, a clamping diode should be added as shown in the

diagram below.
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The easiest way to add this might be to connect it directly across
the load itself; i.e. across the connecting legs of a motor in

parallel with the suppression capacitors.
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Using a Relay Output

The first four left hand outputs are extended at the bottom of the

PCB to accommodate relays. To add a relay to any of these
outputs, first fix and solder in position a 10 K resistor and

BCX38B transistor - for example R8 and TR1. Then fix and solder
in position a miniature SPDT relay (e.g. Kam Ling KS1P) together
with a clamping diode. Also, solder in a 0.22uF suppression

capacitor across 'com' and 'no' (C5). This is essential. To test the
relay, write in a simple on/off program for this output. When the

program is run, the relay will simply click on and off.

O O O
+6v GND
_______________ CUTLNE = — — — - ——— — —————
o o o o o o o
o - - o0 ,0 O
+6v % +6v b= +6v E +6v b= +6v b +6v b= +6v b=
o o o o o o o
- lcoco)] [coc) [boo] [coo) oo [coo) (oo
TR1 TR2 TR3 TR4 TR5 TR6 TR7 TR8
(e} o o O O O o o o
1 2 3 4 GND 5 6 7 8
OPEN COLLECTOR TRANSISTOR OUTPUTS - 800 mA MAX
_______________ CUTLINE — — - -~ - -~ — 2 — - ——
(S 125 O D8 +0O O D9 +0O O Do +O
o (e (o] o (e o
O RL2 O RL3 O RL4
O O O O O O
0ci0]
|
O O O O OO O OO (o] OO
com NO NC  COM NO NC  COM NO NC  COM NO NC
RELAY OUTPUT 1 RELAY OUTPUT 2 RELAY OUTPUT 3 RELAY OUTPUT 4

Technical note: a very
significant problem in
designing industrial control
equipment is the suppression
of "electrical noise" or
electromagnetic interference.
Electromechanical devices
invariably produce
interference. (Remember that
early radio transmitters used
an electrical arc to produce
radio frequency energy.) The
suppression capacitor on the
relay is very important to
prevent any interference to the
chip. European Countries
have a convention - EMC -
which sets a standard for
protection from
electromagnetic interference.

/

0.22yF capacitor

The load is connected to the relay switch outputs at the bottom
of the controller board. 'COM' is the pole of the switch, 'NO' is

the normally open contact and 'NC' is the normally closed

contact. The load leads are either soldered to the capacitor
legs on the top of the board or the solder points below it.
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Curious fact: the
detonation of a nuclear
weapon produces a massive
electromagnetic 'spike’
capable of immobilising chip
based equipment. Designers
of military communications
equipment have actually
considered going back to
using valves to avoid this
problem.






