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Figure 2 shows how the Triac can be
triggered via a line-derived OC supply.
Capacitor CI is charged to + IO-volts OC
(via RI and 01) on each positive half
cycle of the line . The charge on CI is what
triggers the Triac when SI is closed . Note
that all parts of the circuit are "live," and
that makes it difficult to interface to exter
nal control circuitry.

Figure 3 shows how to modify the pre
vious circuit so that it can interface with
external control circuitry. Switch SI is
simply replaced by transistor Q2, which
in turn is driven from the photo-transistor
portion of an inexpensive optocoupler.
The LEO portion of the optocoupler is
driven from a 5-volt OC source via R4.
Opto-couplers have typical insulation po
tentials of several thousand volts, so the
external circuit is always fully isolated
from the line.

Figure 4 shows an interesting variation
of the previous circuit. Here the Triac is
AC-triggered on each half-cycle via CI,
RI, and back-to-back Zeners 05 and 06.
Note that CI's impedance determines the
magnitude of the Triac's gate current.

The bridge rectifier composed of
01-04 is wired across the 051D6/R2 net
work and is loaded by QI. When QI is off,
the bridge is effectively open, so the Triac
turns on shortly after the start of each half
cycle . However, when Q2 is on, a near
short appears across 051D6/R2, thereby

R4
470n
A"':&,
Vrl

R3
5·VOlT lOOIl
DIGITAL 111INPUT VAC

C2
.I

200V

5·VOLT {.
DIGITAL
INPUT -=:::I----t!

FIG4-QPTICALLY ISOLATED AC power switch, AC tr iggered.

FIG3-OPTICALLY ISOLATED AC power switch, DC triggered.

initial current surge generated during
turn-on at a non-zero point of the AC
cycle can generate significant RFI. Triac
turn-off is automatically synchronized to
the zero-crossing point, because the de
vice's main-terminal current falls below
the minimum -holding value at the end of
each half-cycle .

Figures 1-8 show a variety of
asynchronous Triac power-switching cir
cuits . In Fig. I, the Triac is gated on
(whenever SI is closed) via the load and
RI shortly after the start of each half-cy
cle; the Triac remains off when SI is open.
Note that the trigger point is not line
synchronized when SI is closed initially;
however, synchronization is maintained
on all subsequent half-cycles .

SI
POWER

Rl
lOon

TRI

R4 117
lOOIl VAC

C2
D2 .1
10V 200V

111
VAC

Asynchronous designs
As explained last time, a Triac may be

triggered (turned on) either syn
chronously or asynchronously. A syn
chronous circuit always turns on at the
same point in each half-cycle, usually just
after the zero-crossing point , in order to
minimize RFI. An asynchronous circuit
does not turn on at a fixed point , and the

LAST TIME WE DISCUSSED BASIC SCR AND

Triac theory, paying particular attention to
the principles of synchronous and
asynchronous triggering . (See Radio
Electronics, September 1987.) This time
we'll present a number of practical cir
cuits for which the user need only select
an SCR or Triac having suitable voltage
and current ratings . Let's start off by look
ing at several Triac circuits that can be
used to control some line-voltage
powered devices .

Twenty-eight practical SCR and Triac circuits.

RAY MARSTON

FIG 2-AC POWER SWITCH, DC triggered.

WORKING WITH
TRIACS AND SCR's

FIG 1-AC POWER SWITCH, AC triggered.
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+ 15V
R3

Q2
10K

2N3906

R4
10K

current when 5 I is closed and Q4 is off.
The action of the zero-crossing detec tor is
such that either Q2 or Q3 turns on when
ever the instantaneou s Iine voltage is
positive or negative by more than a few
volts, depending on the setting of R8. In
either case , Q4 turns on via R3 and there
by inhibits Q5. The circuit thus produces
minim al RFI .

Figure 10 shows how to modify the pre
vious circuit so that the Triac can only
turn on when 5 I is open. In both circuits
note that , because only a narrow pulse of
gate current is sent to the Triac, average
consumption of DC current is very low
(one milliampere or so). Also note that 5 I
can be replaced by an electronic switch, to
give automatic opera tion via heat , light ,
time , etc . , or by an optocoupler, to
provide full isolation .

A number of specia l-purpose sy n
chronous zero-crossover Triac-gating IC' s
are available, the best-know examples
bein g the CA3 059 and the TDAI024.
Both devices incorporate line-derived DC
power-supply circuitry, a zero -crossing
detector, Triac gate-drive circuitry, and a
high- gain differentia l amp lifie r/gating
network .

Figure 11 shows the internal circuitry of
the CA3059 , togeth er with its minimal
external connections. AC line power is
applied to pin 5 via a limiting resistor

r-- - --.._- - - ---...- .... + 15V

G2
.1

200V

R5
lOOn

R5
lOOn

117
VAG

117
VAG

FIG 8-ISOLATED-INPUT AC power switch. The Triac turns on when S1 is open .

FIG 7-TRANSFORMER-COUPLED AC power switch. The Triac turns on when S1 is closed.

Synchronous designs
Figures 9-1 8 show a number of power

switching circuits that use synchronous
triggering .

Figure 9 shows the circuit of a syn
chronous line switch that is triggered near
the zero-voltage cros sover point s. The
Triac 's gate-trigger current is obtained
from a IO-volt DC supply that is derived
from the network composed of RI , 01 ,
0 2 , and CI . That supply is delivered to
the gate via QI , which in turn is controll ed
by 5 I and the zero-crossing detector com
posed of Q2 , Q3 , and Q4 .

Transistor Q5 can only conduct gate

TO Sl {
IN FIG.5

inhibiting the Triac 's gate circuit , so it
remains off.

Figures 5 and 6 show several ways of
triggering the Triac via a transformer-de
rived DC supply and a transistor-aided
switch. In the Fig . 5 circuit , QI and the
Triac are both turned on when 5 I is
closed , and off when it is open. In prac
tice , of course, 5 I could be replaced by an
electronic switch , enabling the Triac to be
operated by heat, light , sound, time , etc .
Note , however, that the whole of the Fig . 5
circuit is " live." Figure 6 shows how to
modify the circuit so that is is suitable for
use with an optocoupler.

To complete this section, Figures 7 and
8 show several ways of triggering a Triac
from a fully isolated external circuit. In
both circ uits , triggering is obtained from
an oscillator bu ilt aro und unijunction
transistor QI. The UJT operates at a fre
quency of several kHz and feeds its output
pulses to the Triac' s gate via pulse trans
former TI , which provides the desired iso
lation. Also in both circuits, 5 1can easi ly
be replaced by an electronic switch.

In the Fig . 7 circ uit , Q2 is wired in
series with the UJT's main timing resistor,
so the UJT and the Triac will turn on only
when 5 I is closed . In the Fig . 8 circuit , Q2
is wired in parallel with the UJT' s main
timing capacitor, so the UJT and the Triac
turn on only when 5 I is open .

~
5-VOLT
DIGITAL
INPUT

FIG 6-TRIGGER THE PREVIOUS CIRCUIT with
an optocoupler.

FIG 5-AC POWER SWITCH with transistor- aided DC triggering.



circuitry. It also provides adequate drive
to the gate of the Triac , and a few rnA of
current are available for powering external
circuitry.

Bridge rectifier D3-D6 and transistor
QI function as a zero-crossing detector,
with Q I being driven to saturation when
ever the pin-5 voltage exceeds - 3Y. Gate
drive to an external Triac can be provided
(via pin 4) from the emitter of the Q8/Q9
Darlington pair; that current is available
only when Q7 is off. When Q I is on (i. e.,
the voltage at pin 5 exceeds -3V), Q6
turns off through lack of base drive, so Q7
is driven to saturation via R7, so no cur
rent is available at pin 4.

The overall effect is that gate drive is
available only when pin 5 is close to zero
volts. When gate drive is available, it is
delivered as a narrow pulse centered on
the crossover point; the gate-drive current
is supplied via Cl.

The CA3059 incorporates several tran
sistors (Q2-Q5) that may be configured as
a differential amplifier or a voltage com
parator. Resistors R4 and R5 are exter
nally available for biasing the amplifier.
Q4's emitter current flows via the base of
Ql; the configuration is such that gate
drive can be disabled by making pin 9
positive relative to pin 13. The drive can
also be disabled by connecting external
signals to pin I, pin 14, or both .

Fig ures 12 an d 13 show how the
CA3059 can provide manually-controlled
zero-voltage on/off Triac switching. Each
circuit uses a switch (S I) to enable and
disable the Triac 's gate drive via the IC' s
differential amplifier. In the Fig. 12 cir
cuit, pin 9 is biased at Vcc12and pin 13 is
biased via R2, R3, and Sl. The Triac turns
on only when Sl is closed .

In Fig. 13, pin 13 is biased at Vcc/2 and
pin 9 is biased via R2, R3, and Sl. Again,
the Triac turns on only when SI is closed .
In both circui ts, SI handles maximums of
6 volts and 1 rnA. In both circuit s C2 is
used to apply a slight phase delay to pin 5
(the zero-voltage detecting terminal); that
delay causes gate pulses to be delivered
after the zero-voltage point , rather than
straddl ing it.

Note that, in the Fig. 13 circuit, the
Triac can be turned on by pulling R3 low,
and that it can be turned off by letting that
resistor float. The circuits shown in Fig.
14 and Fig. 15 illustrate how that ability
can increase the versatility of the basic
circuit. In Fig. 14, the Triac can be turned
on and off by transistor QI, which in turn
can be activated by any low-voltage cir
cuit, even CMOS devices. And Fig. 15
shows how to use the circuit with an op
tocoupler.

Figure 16 shows how the Signet ics
TDAlO24 can be used in a similar circuit
to provide optically coupled zero-voltage
Triac control.

To complete this section, Fig. 17 and
Fig. 18 show several ways of using the
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positive half-cycles , D7 and D I3 rectify
that voltage and genera te 6.5 volts across
external capacitor Cl. That capacitor
stores 'enoug h energy to drive all internal
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FIG 11-THE CA3059'S internal circuit and necessary external components.

(Rs), which should have a value of 12K at
5W for 117-volt use . Diodes DI and D2
function as back-to-back zeners that limit
the potential on pin 5 to ± 8 volts. On

FIG 1Q-ALTERNATE synchronous line switch. The Triac turns on when Sl is open .

FIG 9-ZERO-CROSSING synchronous li ne switch. The Triac turns on when 51 is closed.
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methods of heater contro l can be used:
automatic on/off power swi tching, or
fully automatic proportiona l power con
trol. In the former case, the heater turns
fully on when room temperature falls be
Iow a preset level , and it turns fully off
when the temperature rises above that
level.

In proportional power control , the aver
age power delivered to the heater is auto
matica lly adjusted so that, when room
temperat ure is at the preset level , the heat
er's output power self-adjusts to precisely
balance the therma l losses of the room .

R4
PHOTOCEll

R2
2.2K

R4
PHOTOCEll

FIG17-DARK-ACTIVATED zero-voltage switch.

Electric-heater controllers.
A Triac can easi ly be used to provide

automatic room-temperature control by
using an electric heater as the Triac 's load ,
and either thermostats or thermistors as
the thermal feedback elements. Two

FIG 18-DARK-ACTIVATED zero-voltage switch
with hysteresis.
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FIG 16-0 PTlCALLY COUPLED TDA1024-based zero-voltage switch .

FIG 15-0PTICALLY COUPLED CA3059 switch.

R3
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13 voltage exceeds that at pin 9, and the
Triac is enabled. The circuit's switching
point is set with R3.

Figure 18 shows how a degree of hys
teresis or "backlash" can be added to the
previous circuit. Doing so prevents the
Triac from switching in response to small
changes (pass ing shadows, etc .) in am
bient light level.
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2W

__. E__-4-__.-.__---I
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15V

R4
47K

FIG 14-TRANS ISTOR·CONTROLLED CA3059
switch.

lOW
VOLTAGE

INPUT

R3
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CA3059 so that the Triac operates as a
light-sensitive dark-operated power
switch. In both des igns the IC's built-in
differential amplifier is used as a precision
voltage comparator that turns the Triac on
or off when one of the comparator input
'voltages goes above or below the other
comparator input voltage .

Figure 17 is the circui t of a simple dark
activated power switch. Here, pin 9 is tied
to Vcc/2 and pin 13 is controlled via the
R2-R5 resistive string. In bright light,
photocell R4 has low resistance, so the
voltage at pin 9 exceeds that at pin 13, and
the Triac is disab led. In darkness, the
photocell has a high resistance, so the pin

FIG 13-ALTERNATE CA3059 zero-voltage
switch.

FIG 12-ZERO-VOLTAGE line switch built from the CA3059.



gated in the + I mode only, and the heater
operates at half maximum power drive.
The circuit thus provides fine temperature
control .

Synchronous circuits
Figure 21 shows how a CA3059 can be

used to build a synchronous thermistor
regulated electr ic-heater controller. The
circuit is similar to that of the dark-acti
vated power switc h of Fig. 17, except that
the thermistor (R3) is used as the sensing
element. The circuit is capable of main
taining room temperature within a degree
or so of the value set by R2.

To complete our discussion of heater
controllers , Fig . 22 shows the circuit of a
proportional heater controller that is capa
ble of maintaining roo m temperature
within 0 .5°C. In that circuit a thermistor
controlled voltage is applied to the pin-13
side of the CA3059's comp arator, and a
repetitive 300-mS ramp signal, centered
on Vce/2, is applied to the pin-9 side of
the compara tor from astable multi vibrator
ICI.

The action of the circuit is such that the
Triac is synchronously turned fully on if
the ambient temperature is more than a
couple of degrees below the preset level,
or is cut fully off if the temperature is
more than a couple of degrees above the
preset level. When the temperature is
within a couple of degrees of the preset
value, however, the ramp waveform
comes into effec t and synchronously turns
the Triac on and off once every 300 mS,
with a Mark/Space (MIS) ratio that is pro
portional to the temperature differential.

For example, if the MIS ratio is I:I , the
heater genera tes only half of maximum

117
VAC

117
VAC

C2
.1

200V

C2
.1

200V

The Fig. 20 circuit, on the other hand ,
is co ntrolled by Negative Temp erature
Coefficeint (NTC) thermi stor R7 and
transistors QI and Q2 . The network com
posed of R2 , R3, R6 , and R7 is used as a
therm al bridge, and Q2 acts as the bridge
balance detector. Potentiometer R6 is ad
justed so that Q2 just starts to turn on as
the tempera ture falls to the desired level.
Below that level , Q2, Q3, and the Triac
are all fully on; above that level all three
components are cut off.

Because the gate-drive polarity is al-
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IOOOV-F

12V
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T1
G.3V

II

FIG 20--THERMISTOR-SWITCHED heater controller.

FIG 19-THERMOSTAT-SWITCHED heater controller.

FIG 23-SIMPLE LAMP DIMMER.
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ways posi tive, but the Triac 's main-termi
nal current alterna tes, the Triac is gated
alternately in the + I and + III quadra nts,
and gate sensitivity varies treme ndous ly
between them . (See our discussion of gate
sensitivity in the Sep tember issue.) Con
sequently, when the temperature is well
below the preset level, QI is driven fully
on. Therefore, the Triac is gated on in
both quadrants , so it provides full power
to the heater. However, when the tem
perature is very close to the preset value,
Q l is driven on "gently," so the Triac is

FIG 22-HEATER CONTROLLER with precision temperature requlation,

Because of the high power req uire
ments of an electric heater, the circuit
must be carefully designed to minimize
RFI generation. The designer's two main
options are to use either continuous DC
gating or synchronous pulsed gating . The
advantage of DC gating is that , in basic
onloff switching applications , the Triac
ge nerates zero RFI under normal runn ing
conditions; the disadvantage is that the
Triac may genera te very powerful RFI as it
is turned on. The adva ntage of sy n
chronous gati ng is that no high-level RFI
is genera ted as the Triac turns on; the
disadvantage is that the Triac genera tes
continuous low-level RFI under normal
running conditions.

Figures 19 and 20 show several DC
gated heater-controller circuits. In both
cases the DC supply is derived via TI , DI ,
and C I, and the heater can be controlled
either manuall y or automatically via SI.
The Fig. 19 circuit is turned on and off by
the thermostat , depending on its tem
perature .

FIG 21-HEATER CONTROLLER with ther
mistor-regulated zero-voltage switching.
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If the lamp is dimmed by increasing the
R2 's value almost to maximum, the lamp
will not go on aga in until R2 is reduced to
about 80% of the former, at which it burns
at a fairly high brightness level. Backlash
is caused because the Oiac partially dis
cha rges CI each time the Triac fires.

Backlash can be reduced by wiring a
47-ohm resistor in series with the Diac , to
reduce its effect on CI. An even better
solution is to use the gate-slaving circuit
shown in Fig . 24 , in which the Diac is
triggere d from C2, which " copies" C I's
phase-delay voltage, but provides dis
charge isolation through R3.

If back las h must be elimi nated al 
together, the UJT-triggere d circuit shown
in Fig. 25 can be used . The UJT (Q I) is
powered from a 12-volt DC supp ly built
around Zener diode 02. The UJT is line
synchronized by the Q2-Q3 -Q4 zero 
crossing detector network, in which Q4 is
turned on (thereby applying power to the
UJT) at all times other than when line
voltage is close to zero.

So , shortly after the start of each half
cycle, power is applie d to the UJT circui t
via Q4 , and some later time (which is
determi ned by R5, R8, and C2), a trigger
pulse is applied to the Triac 's gate via the
UJT.

Figure 26 shows how a dedicated IC ,
the Siemens S566B " To uc h Di m 
mer," can be used to build a smart lamp
dimmer that can be controlled by several
devices simultaneously: a touch pad , a
pushbutton switch, or an infrared link.

continued on page 74

FIG 28-SELF-REGULATING UNIVERSAL
MOTOR heavy-duty speed controller.

FIG 27-UNIVERSAL·MOTOR light-duty speed
controller.

01
IN4004

are: (I ) Diac plus RC phase-de lay net
work ; (2) line-synchronized variab le-de
lay UJT trigger; (3) special-purpose IC as
the Triac trigger.

Figure 23 shows the circui t of a Diac
triggered lamp dimmer. A defect of that
type of design is that it suffers from con
siderable control hysteresis or backlash .

Lamp-dimmer ci rcuits
A Triac can be used to make a lamp

dimmer by using the phase-tr iggered
power-control principles discussed last
time . In that type of circuit, the Triac is
turned on and off once in each line half
cycle, its MIS ratio contro lling the mean
power fed to the lamp. All circuits of that
type require the use of a simple LC filter in
the lamp's feed line to eliminate RFI.

The three most popu lar methods of ob
taining variab le phase -de lay triggering
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power, and if the mark/space ratio is 1:3 it
generates only one quarter of maximum
power. The net effect is that the heate r
does not switch fully off, but generates
just enoug h output power to match the
thermal losses of the room precisely. As a
result, the circuit provides very precise
temperature contro l.

~
LOW·

INPUT VOLTAGE

R7
lOon

FIG 26-SMART LAMP DIMMER controlled by a Siemens S566B.

FIG 25-UJT-TRIGGERED zero-backlash lamp dimmer.

----.....------------------A1-------.

3.3K
2W

FIG 24-IMPROVED LAMP DIMMER with gate
slaving.
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WORKINC WITH TRIACS

continued from page 73

The IC, which provides a phase-delayed
trigger output to the Triac, provides both
on/off and proportional output control.

To do so, the S566B incorporates con
ditioning circuitry that recognizes a brief
input as a "change stage" command. In
addition , a sustained input causes the IC
to go into the ramp mode, in which lamp
power slowly increases from 3% to 97%
of maximum. After reaching maximum, it
ramp s downward to a minimum of 3%,
and then again reverses.

TIle touch pad used with the circ uit may
be simple strips of conductive materia l;
the operator is safely insulated from the
line voltage via R8 and R9.

Unive rsal motor controllers
Domestic appliances are usually

powered by a series-wound universa l
electric motor, so-called becau se they can
operate from either AC or DC power. In
operation , that type of motor produces a
back EMF that is proportional to the
motor's speed . The effective voltage ap
plied to that type of motor is equal to the
applied voltage minus the back EMF. That
results in some self-regulation of motor
speed, becau se an increase in motor load
ing tends to reduce speed and back EMF,
thereby increasing the effective applied
voltage and causing motor speed to try to
increase to its original value .

Most universal moto rs are desig ned to
provide single-speed operation . A Triac
based phase-control circu it can easi ly be
used to provide that type of moto r with
fully-variable speed control. A suitable
circu it is shown in Fig 27.

That circuit is useful for contro lling
lightl y-loaded appliances (food mixers,
sewing machine s, etc.). However, heavy
duty tools (electric drills and sanders, for
examp le) are subject to heavy load varia
tions, and therefore require a circuit like
the one in Fig . 28 .

An SCR is used in that circu it as the
control element; it feeds half-wave power
to the motor, which results in a 20% or so
reduction in available speed and power.
However, durin g the half-cycles when the
motor is off, its back EMF is sensed by the
SCR and is used to adju st the next gating
pulse automatica lly.

The network composed ofRI , R2 , and
DI provide s only 90° of phase adjustment ,
so all motor power pulses have a mini
mum duration of 90° and provide very
high torque . At low speeds the circuit
goes into a "skip-cycl ing " mode, in
whic h power pulses are provided intermit
tent ly, to suit motor- loadi ng conditions .
The result is that the circu it provides par
ticularly high torque under low-speed
conditions . R-E

R..E ROBOT

continued f rom page 59

Even if the motor encounters resistance, it
will continue to move in the necessary
direction until the voltage outputs from
the potentiometer and the DAC are equal.
Later on, if the carriage plate encounters
enough resistance to move it away from
the selected position , in either position ,
the drive circuit will return the carriage
plate to the selected position as soon as it
is able to, without further action by the
computer.

The circu it we used to accomplish all
that is surprisingly simple. As shown in
Fig. 4, a DAC0832 DAC configured in the
voltage mode is used to output the desired

. ana log position . One sectio n of an
LM324 quad op-amp buffer s the output of
the DAC, while another multiples a 2.5
volt reference voltage by two , resulting in
a 0- to 5-volt output range . Two other
sections of the LM324 are used to com
pare the output of the DAC to the output of
the position-sensing potentiometer ; the
output of the potentiometer correspond s
to the actual position of the carriage plate.
When the voltage from the potentiometer
is exactly equal to the output from the
DAC, but opposite in sign, with respect to
the 2.5-volt reference, the circuit shuts
down the motor. A small dead band is
introduced into the comparator circuit to
insure that the motor is not forced to oscil 
late about its target position. A single
74LSI38 address decoder is used to en
able and disab le the circuit.

The entire control circuit, minu s of
course, the potentiometer and the motor,
can be mounted on a small (2 x 2.5
inches) piece of perforated construction
board; the layout is not critical . When
finished, the circ uit board can be mounted
near the potentiometer using double
sided foam tape or standoffs.

Software
Note that the use of a 15-tooth sprocket

results in more chain travel in 10 turns of
the potentiometer than the linear ball 
bearing slide can achieve. That means that
it is possible to program positions that are
beyond the travel limit s of the carriage
plate . If that is done, the motor will con
tinue to tum after the ball-bearin g slide
has hit a stop. Therefore , the values for the
limit s of travel must be determined experi
mentally, and the software set up to dis
allow values greater than those limits.

The RERBUS interface that is used to
communicate with the arm electronics is
contro lled by two digital ports so that all
timing prob lems vanish. We must write
the data to one port and use the other port
to set up our addre ss and control signal.
We will create two Forth words to do that:
XPC @ and XPC!

:XPC@ (address - data )
DUP ( save copy of address)
80 OR ( set WRITE high )
BF AND ( set READ low - active )
130 PC@ ( get the data from 130 )
SWAP ( get the old address)
COOR 140 PC! ; ( both strobes high )

:XPC! (data address -)
SWAP 130 PC! ( write data to port )
DUP ( save a copy of addr )
40 OR ( set READ strobe high )
7F AND ( set WRITE strobe low )
140 PC! ( write addr and cntrl )
CO AND 140 PC! ; ( both strobes
high)

Those two words are direct analogies of
the Forth words PC@ and PC!, which
fetch and store bytes to ordinary ports .

Notes
The mechanical aspects of the arm are

easily modified to suit your needs . If you
wish to do so, here are some design fac
tors to keep in mind . When considerin g
whether to increase the arm 's lifting ca
pacity, remember that the capacity must
be consistent with the design of the robot.
It's pointl ess to design an arm that lifts 100
pound s with ease if lifting such a weight
will cause the robot to topple forward .

The steel ladder chain is rated at 90
pounds yield strength. Allowing for a
50% safety factor (highly recommended)
means that you can use the ladder chain to
lift to about 45 pound s. If your require
ment s call for loads that are greater than
that , you will have to use a different style
of chain (for example , riveted Y4-inch
roller chain).

The motor and gearhead are the govern
ing factors for lifting capacity and speed .
The lift motor should draw no more than 3
amps, the rating of the connecting ribbon
cable. Use of a worm-gear style gearhead
would improve the design because then
the load could not back drive the motor.

The orientation of the linear ball-bear
ing slides deserves some consideration .
Building the lift assembly is easiest when
the slides are oriented as descr ibed in this
article . However, greater loading capacity
would be achieved if the slides were
mounted on aluminum angle and rotated
90°. That would allow the use of less cost
1y FBW 3590N F series linear bearings in
stead of the FBW501 IOFseries specified .
While the FBW3590NF series is onl y
available in 800-mm maximum length s,
several sections could be joined together
to yield any overall length des ired.

The Brevel motor spec ified comes with
mounting holes for a shaft encoder. That
means that we could use the same position
sensing scheme as the main motor (shaft
encoder and quadrature decoding). That
would allow for greater accuracy when
position ing the carriage plate. See Part 7
in the July 1987 issue of Radio-Elec
tronics for more information. R-E




