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DRILL CONTROL UNIT

A.R.WINSTANLEY

ONE ol Lhe necessary pieces of equipment
when producing ane's own printed
circnit boards is a low-voltage drill capahle
of accurately drilling holes of 1mm or less.
Since many of these drills draw just over 1A
or so at full Inad (e.g. Precision Pelite P1 or
Reliant), some means whereby the drill can
be aperated [rom the mains supply would
be highly desirable as battery operation is
not particularly feasible. This is especially
the case where large or numerous p.c.b.s are
produced.

The Dnll Control TInit to be described
here is a regulated-voltage tvpe of variable
mains adaptor which will climinate the
requirement [or batterics. It was desipned
by the author to replace his commercial
variable-speed power unit, the performance
of which had taken a noticeable turn for the
warst: in particular, the drill would atter a
short period of opération, run either flat out
or not at all!

Mot only does the Drill Control Unit
pravide excellent precision-control of many

“Lypes of low-veltage drill, but it also incor-
porates several useful features not found on
commercially manufactured units.

CONSTANT VOLTAGE

The output of the device is a constant
voltage irrespective of the load, and is
variable ftom -2V to 16V and the maxi-
mum recommended output current is -5
amps. Thus it is suitable for the two types of
drill mentioned above, although the Titan
drill, which apparently consumes up to
3:3A, cannot be driven from this design.

This unit also features an l.e.d. overload
indicator which warns when the output
curreni is slarting to become excessive: it
sturts to illuminate at roughly 1-2A or so.
The device however won't be damaged by
temporary short-circuils but the output
current should be restricted to 1-5A peak or
roughly 1-2A avcrage when in use,

Also incorporated is a footswitch cireuit
permitting on-off vontrol of the drill with a
suilable foot-operated switch: this can be
gquitc handy when your hands may be
accupied with a whirring drll or 4 printed
circuit board!

CIRCUIT

The circuit is shown in Fig, 1. The Drill
Cantrol Unit is centred around IC1, an
LM3I7T variuble-voltage regulator i.c. and
the “T™ suffix indicates that the T0-220
plastic package version is emploved. It
operates by presenting a highly-stable band-

gap-lvpe relerence voltage of 1-25V across
the resistor RS5. (Generally this resistor is
chosen to have a value of 220 or 2400 so
that roughly 5SmA flows through it.

‘The output voltage is controlled by an
external resistance connected between the
adjustment and ground pins; in this cuse
this resistance is formed of VR with R4 in
parallel.

If VRI and R4 = R, then the autput
voltage in this instance is given by Lhe
formula:

] 1:25 (RS + R, R,
xom._———ﬂ?)ﬂ,zsu )
and su with VR sct at maximum resistance
(cquivalent to 2-3k when R4 is taken into
account) the maximum output voliage is
roughly [5-5V. The minimum output will

be [-25V.

The remainder of the circuit functions as
tollows. Mains voltage is stepped down by
T1 toroughly 13V a.c. al [ull load and thisis
rectilied into d.c. by the four rectifiers D1-4
which arc arranged in hridge configuration.
A chopped a.c. wavelorm is the resull and
this is smoolhed bv C1 to produce a rather
low-guality d.c. voltage of appraximately
23V at no load.

The action of ICI then removes lhe
substantial mujority of noisc from this
voltage and, of course, also enahles the
voltage ta be varied as required in order to
adjust the speed of the drill.

No mains oo-offl swilch was considered
necessary although the unit is protected by a
line fuse 51 and also the Le.d. D5 will
illuminate to act as a power-on reminder.

QUTPUT
The positive output of the ic passes
directly to SK.1 but the 0V ¢common rail is

connected to S1 which acts as an on-off
switch for the drill: in fact S1 is a centre-off
type so af course when 1L 15 in muddle
nosition the drill is inoperative. Alterna-
tively the [outswitch socket can be brought
into cireuit if required, the footswitch being
plugged into SK3. Otherwise, when S1 is sct
as shown In the circuit diagram, the drill
will cun continuously, In this design the OV
rzil is carthed through the metal body of
JEL. C2 has also heen included to suppress
noise,

The oulpul current passes through R3 on
ils return and in so doing will cause a
potential difference to appear across this
resistor. The end of the resistor connected
to TR base will also bc the most positive
and il the current is sufficiently large, then
the voltage across R3 will cause the base-
emitter junction of the transistor Lo become
forward biased. causing TR to turn on like
a switch. This completes the circuit to DG
and R2, causing the led. to illuminate,
which acts as a simple current indicator.
The current needed to do this is about
0-6V/R3, or 1.2 amps.

Thus the Le.d. will glow when the ocutput
current exceeds 1-2A und it gives the user an
idea of huw near the maximum output of
1-3A the unit 15 operating,

PROTECTION

The usual forms of protection are in-
cluded n ICT ke thermal shutdown and
current limiting (i.e. short circuil protee-
tion), However, for maximum reliability |
and performance to be achieved the inte-
grated circuit, which dissipates a lot of
power under warst-case conditions, necds
to he adequately heatsinked, 'The compa-
nents lisl indicates a suitable type.




The outpul current of the i.c. depends
amongst other things on the temperature of
the chip, and whilst the approved heatsink
will enable the i.c. to pass at leasl 1-5A, the
peak current of the i.c. can cxcced 2A under
short-circuil output conditions. This is in
cxcess of the rating of the mains trans-
farmer: therefore. shorl circuits across the
output should be avoided although in real-
ity they arc permissible for brief periods.
Indeed it is no coincidence that the Le.d. D6
was designed to light at only 1-2A. This
current was considered the maximum that
the Drill Control Unit would encounter
under normal operating conditions. Il is
still able to provide up W 1-3A bur in
normal use the device should rarely peak at
much above 1-2A or sa.

CONSTRUCTION

The vircuit with the exception of ICI is
construcicd on a p.c.h. of dimensions 93 x
72mm, see Tig. 2.

For maximum reliability, the clectrolytic
capacitor Cl is mechanically secured ta the
p.¢.b. using 2 nylon tie-wrap of appropriate
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size. The tie-wrap passcs around the capaci-
tor and through holes in the p.c.h. on each
side. Also, the transistor TR1 was fitted
with a push-on TO-1& heatsink which will
aid dissipation when the transistor is
conducting. .

The prototype unit was assembled in an
all-steel sloping case which measurcd
3382mm x 267mm = 200mm. It is advis-
able to obtain all the components, maost
especially the mains transformer, first and
then select a case of suilable dimensions to
fit your particular components.

The case must be made of metal for
earthing purposes, and prcterably steel
which will also easily withstand severe wear
and tear in the warkshop.

The complete interwiring details arc
given in Fig, 3. Note how the chassis of the
case 18 earthed by soldering the earth input
to a solder tag which is placed securely
underneath vne of the transformer mount-
ing bolts. Furthermore the actual mains
cable itself is taken through a grommet in
the chassis in order to prevent chafing of the
insulation: then the cuble must be fixed
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Fig. 2, Printed circuit board (actual size) Tor the Drill Control Unit. This board
is available from the ££ PCB Service, quote order code: 8508 Q4.
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Fig. 3. Component layout and interwiring details for the Drill Control Unit.
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COMPONENTS [N

Sea
page 421

Resistors

A1 Tk

Rz 1-2k

R3 0-47R 3W Wjw

R4 3-3k

R& 220

All ;W 5% excepl R3
Potentiometer

VR1 10k Tin.
Capacitors

c1 2200 40V axial lead

) elect.

Cz 0-1p polyester C280
Semiconductors

IC1 LM317T variable

voltage regulataric.,
TO-220 case

D14 INE401 100p.iv. 3A
rectifier (4 off)

D5 TIL221 O-2inch green
le.d.

D6 TIL220 0-2inch red
lLe.d.

TR1 BC107R silicon n.p.n.

Miscellaneaus

T1 mains primary, 0—16 +
0-152 % 0-8A
secandary

FS1 1A 20mm chassis-

maounting fusehclder
SK1.2  4mm socket, one each
red, black {see text)

JK1 0-25inch monao jack
socket

S1 single pole centre off
double throw toggle
switch

Printed circuit board, availahle
from the FE PCE Service, order
code 850//0X, meral case, e.g.
Tandy 270-266, heatsink typas
10DNA 2°C/W or better, ;* TO-
18 push-on heatsink, TO-220 in-
sulation kit, cantrol knob, .inter-
cannection wire, 3-core 6 A mains
cable, cable grommet and reten-
tion clip, l.e.d. lens-clips, one each
red, green, 6BA p.c.b. mounting
hardware, nylon tie wraps, nuts,
bolts, solder tag, spacers, sclder,
elc.

I
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Fig. 4. Wiring diagram,

firmly using a nylon “P™ clip or similur so
that the cable cannot be pulled out.

The secondary windings of T1 are con-
nected in purallel as shown to supply 15V
d.c. at 4 to1al ot 1-6 amps. This is then wired
to the p.cb. as shown, using heavy-duty
hook-up wire (e.g. 32/0-2mm) which should
be kepl as short as passible.

With the exception of the smull amount
of mains wiring involved, for which employ
at least 32/0-2mm 6A wire, the Balance of
lhe interwiring may be completed with
general purpose hook-up wire. It 1s quite
desirable to arrange (he wiring into neat
looms und nylon tie-wraps may be em-
ployed for this purpose.

SOCKETS

short-circuil s to be avoided.

Coneerning the approved heatsink, it was
found that the sink was slightly larger than
the steel case would allow once everything
was bolted into place. Approximately
25mm was sawn oft the heatsink using a
large hacksaw. Afterwards the healsink was
sprayed matl black to rcduce its thermal
resistunce, Also 1t is recommended that
some ventilation holes are punched adja-
cent to the heatsink (o permit some
throughflow of air and so assist coaling.

FINISH .

To fuish off the unit, letter the controls
as required by using rub-down transfer
Iettering; naturally this is best done hefare

any contrals and fiitings are placed into
position. The appearance of the device will
be further impraved if coloured lens-clips
are_employed to mount the two light-
emitting diodes.

Finally, an cxtra-long control knob of
roughly 73mm diameter was fitted to the
potentiometer and this enabics the speed of

In respect of SK1 and SK2, the reader
may care 1o choose connectors compatible
with those fitted on the drill, The author
utilised two 4mm sockets on the prototype.
For JK1 a slandard }inch mano jack socket
wus cmployed to match the plug fitled on
the tootswitch, Readers should check the
connections to their own jack sockers (if
used) in case therc is anv variation. Notice the drill ta be controlled casily, even when
that the OV linc is earthed courtesy of SK 3, wearing ralher cumbersome  protective
since the metal body of the socket will make gloves,
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an electrical cuntact with the chassis, which
is ol course carthed.

‘The footswitch employed by the author
was clearly intended for awdio or signal use
but has successfully been used at up to 1-54
d.c. with no apparent ill-effect.

As previously mentioned. IC] comes in
the TO-220 pack and this is fitted to the
heatsink in comjunction with a T0-220
mounting kit. ‘The i.c. must e insulated
since the heatsink is bolted to the chassis
and is therefore at OV. On Lhe other hand
the mounting tab of lhe ic. is electrically
connecled Lo its output and so obviausly
some form of insulation is necessary il a

With construction complete, check all the
wiring and especially confirm that IC1 is
properly insulated from the heatsink before
plugging into the mains. Then, with mains
applied. the green power-on le.d. should
light up.

By connecting a voltmeter set to 25V d.c.
[ull-scale deflection across lhe output
sockets (right wav round, of course) you can
then ascertain that by rotating VR1 clock-
wise, the vutput voltage will be seen 1o vary
[rom 1-2¥ to appraximately 16V, Having
satisfied yourself that the other functions
perform correcily then the unit is complete
and ready for use. -
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