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Power is a problem. You always need it, but you don't always have a mains
supply. So this regulator, originally designed as part of the Tech2 festival in
2002, was developed to solve the problem. It is able to regulate the variable
voltage from a battery down to a constant voltage – for powering equipment like
laptops.

The Tech2 Regulator

The Tech2Regulatoris a variablevoltageregulator
designedfor poweringequipmentfroma batterypack.It
was designed during a renewable energy workshop as part
of theTech2festival[seehttp://tech2.southspace.net/]at
the FollyGallery,Lancaster,in August/September2002
(hence the name Tech2).

Mostdigitalequipmentfunctionsat a widerangeof non-
standardvoltages– from7 volts(V)to22V.Theserequire
a mainsadapter.Soif youwantto gomobile,beyondthe
mains, creating these various voltages can be difficult. One
optionistouseastandard12Vor24Vbatteryandamains
inverter. But this actually is quite wasteful. You lose 10% of
theenergyin theinverter,andthepowersuppliesformost
low-voltageequipmentmayoftenconsumeasmuchpower
as the equipment itself.

Convertingfroma fixedbatteryvoltagedownto a pre-set
DCvoltageis moreefficient(around95%– 98%).Butto
do this you needa regulator.The Tech2Regulatoris
designedtoproduceDCvoltagesfrom5Vupto32V,using
different'packs'ofbatteriesproducinga nominalvoltageof
12V,18V,24V,30Vor36V.Thisismoreefficientbecause
theregulatorneedonlyregulatethevoltagebetween3Vto

10V of the batteryvoltage,wastingless energyin the
process.

Theinformationon theTech2regulatoris splitintothree
parts:

� Theoretical – a technical guide to what the Tech2
Regulator is and how it works. The purpose of this
section is to provide sufficient information for a person to
develop their own version of the Tech2 Regulator.

� Components – a table of the components required to
build the Tech2 Regulator, and how to obtain them. This
looks at the opportunity to obtain the components from
junk as well as new.

� Building – an implementation of the Tech2 Regulator, in
fact the design prototype, utilising a mixture of new and
recovered parts (including an simple, scrap enclosure to
mount the regulator in).

1. The Theory of the Tech2 Regulator

Thissectionlooksat thetheoryof theTech2regulator.It
explainsthe technicalbackgroundto the designof the
regulator,andthedetailof itsoperation.Anmorepractical
illustrationof theregulatordesigninuseisprovidedin the
buildingsection.Furtherinformationon the materials
neededto build the regulatorcan be found in the
components section.

1.1. Batteries and voltage regulation

TheTech2Regulatoris a small,variablevoltageregulator
designedto power laptopcomputersand other low-
powereddigitalequipmentfrombatteries.Topowerdigital
equipmentrequiresa steadyvoltage,usuallybetween
quite tight voltagelimits. Batteriesdo not providea
constantvoltageover their dischargecycle,and so a
voltageregulatoris a way of ensuringthat the battery
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alwaysprovidesa constantoutputto the equipmentit
powers.

Whenwe talk aboutbatterieswe'rereallytalkingabout
sealedlead-acid(SLA)batteries.Thesearehighlyefficient
versionsofcarbatteries,withadditionaldesignfeaturesto
stopthemleakingacidand noxiousgases(unlessyou
reallyabusethemwhilstcharging).Othertypesof battery,
such as Nickel-Cadmium(NiCad),Nickel-Metal-Hydride
(NiMH)or LithiumIon (Lion) are either not powerful
enoughoraresoexpensiveastobebeyondthemeansof
trash-tech projects.

SLAbatterieshavea particulardischargecharacteristic.
Thevoltagedropsastheydischarge.Thisiscausedbythe
breakdownof chemically-boundenergyontheleadplates
of the battery.A batteryhas a 'nominal'voltage– for
example12volts(V).Buttheactualvoltageof thebattery
fully chargedwill be around13.2V to 13.8V.As it
dischargesthe voltagefalls,and controllingthis fall is
essentialtopreservethelifeof thebattery– seethegraph
above(drawnfora standardSLAbattery).A welllooked
aftera batterywill last500to 1,000discharge/recharge
cycles.But if youregularly'deepdischarge'an ordinary
SLA battery the damage mounts up, significantly
shorteningthe lifetime.If you completelydischargethe
battery, and leave it like that for a little while, it will cease to
function.Sowhennotinuseregularlychecktheirvoltage,
and if required, top-up by charging.

SLAbatteriescomein differenttypes.StandardSLAscan
dischargetoabout90%of theirnominalvoltage– sofora
12V batterythat'saround10.8V.Beyondthat and you
beginto accumulatedamage.Belowaround9.5V you
begintodoseriousdamage,andby5Vyou'regoingtobe
killingyourbattery.Analternativeto standardSLAsis the
'deep cycle' SLAs (DC-SLA).This has more highly
engineeredlead plates,and specialcatalyststo help

reduce the build-up of
compoundsthatshortenthe
life of thebattery.DC-SLAs
willdischargedowntoabout
10Vwithoutcausingserious
damage.Butbelowthatand
the battery will begin to
accumulate damage,
shortening the life.

Apart from the nominal
voltage,batteriesare also
ratedby theircapacity– the
higher the capacity the
larger and heavier the
battery. The capacity is
measured in Amp-hours
(Ah).For a 12V battery,a

1Ahcapacitywilldeliver,theoretically,12Vwitha current
of1 Ampfor1 hour.A4Ahbatterywoulddeliver1 Ampfor
4hours,2 Ampsfor2 hours,or4 Ampsfor1 hour,etc.For
standardSLAs,toensurethevoltagedoesnotdroptofar,
youwouldonlyuse25%to40%of thiscapacity.Soa 4Ah
batterywillonlyreallygiveyou1.5Afor1 hour.A DC-SLA
canbedischargedto 45%to 55%of thecapacity,giving
you half of the rated capacity.

Thepurposeof voltageregulationis to ironoutall these
variations.Thevoltageregulatorresiststheflowofcurrent,
droppingthevoltagedowntoa constantlevel.Butunlikea
normal,fixedresistorin a circuit,the regulatorchanges
dynamicallyinresponsetotheincomingvoltagelevel.The
outputis thereforeconstanttowithinonlya fewpercentof
the set level.

1.2. The limits of regulator design

Voltageregulatorsworkbyresistingcurrentflow– holding
backenergyto createa dropin thevoltage.Theinternal
characteristicsof theregulatormeansthattherehastobe
a certaindifferencebetweenthevaryinginputvoltageand
theconstantoutputvoltage,otherwisetheregulatorwillgo
haywireorshutdown.Thisvoltage– thedrop-outvoltage
– is specific to each type of regulator.

Whenplanningthedesignoftheregulatorit is importantto
considertherangeof theinputvoltage.Theremustbea
minimumdifferencebetweenthe regulatedvoltage,and
the inputvoltage,of at least the levelof the drop-out
voltage(Vd). Forbatteriestherearetwolowerlevels– the
lowestlevelthat can possiblybe reached(Vl), andthe
lowestvoltagethatthebatterywillnormallybedischarged
to (Vn). Finally,the regulatoritselfhas a lowerlimit to
regulation(Vb). Thefivekeydesignlimitsof thissystem
are therefore:
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� The lowest voltage possible is the
regulator's lowest limit, Vb.

� The highest reliable limit, Va, to
regulation is Vn – Vd.

� The highest limit, Vh, under normal
operation is Vn – Vd.

� The range of reliable regulation, Vr, is
Vb up to Va.

� The range of unreliable regulation, Vu,
is Va to Vh.

Todesigna reliable,andefficientregulator
we alsohaveto minimisethe difference
betweenthelowestinputvoltage,Vi, and
the regulatedvoltage,Vr. Every volt
increasebetweenthesetwofiguresmeans
the regulator must burn off more heat.

Giventhatweareusingbatteries,losingmoreheatmeans
losingenergy– whichcouldhavepoweredtheequipment.
We can'tchangethe regulatedvoltage,so we haveto
lowerthe inputvoltageby changingthe voltageof the
battery.Atmost,wedon'twantto regulateovera rangeof
morethan 6V. Thatmeansvaryingthe voltageof the
batterypackby6Vineitherdirection(witha littleoverlapif
possible).The rangeof voltagesproducedby different
combinations of batteries are shown in the table below:

Nominal
voltage, V

Made
up from

SLA
range, V

Reliable
output, V

36V 3 x 12V 33V to 39.7V 24V to 30V

30V 5 x 6V 27.5V to 33V 18V to 24V

24V 2x 12V 22V to 26.5V12V to 18.5V

18V 3 x 6V 16.5V to 19.8V 7V to 13V

12V 1 x 12V 11V to 13.2V 3V to 8V

(battery packs should ideally be made of
identical brand, capacity and voltage cells)

So,forexample,if youwanted16V,themostefficientway
toobtainit wouldbetoregulatedownfroma nominal24V
battery.But if youwanted12V(a borderlineoption)the
mostefficientoptionwouldbeto regulatedownfrom18V
(using 24V would burn off far more energy).

1.3. A regulator using the L200C

Thereare many types of fixed and variablevoltage
regulatoravailable.Fora practicaldesign,thatcanpower
anythingfroma networkhub to a laptopcomputer,we
needsomethingthatcansupply0.5to 2 Ampsof current
(regulatorsareclassontheircurrentcapability,inaddition
to their operating voltage). For this task the L200C is ideal.

According to the data sheet,
"The L200 is a monolithic integrated
circuit for voltage and current
programmable regulation. Current
limiting, power-limiting, thermal shut
down and input over-voltage protection (up to 60 V)
make the L200 virtually blow-out proof. The L200 can
be used to replace fixed voltage regulators when high
output voltage precision is required and eliminates the
need to stock a range of fixed voltage regulators."

This makesit idea for this purpose.It also, unlikea
switchedmodestep-upor step-downregulatorrequired
few externalcomponents.A simplecircuitfor the L200
regulator is shown on the next page.

Thecriticalcomponentsare the threeresistors,R1, R2
and R3. Together,R1 and R2 controlthe levelof the
regulatedvoltage.R3controlscurrentlimiting.Inactuality,
currentlimitingisonlyrequiredwhereyouwantto limitthe
currentto protectthe equipmentthatyouare powering.
You'donlyreallyneedto do this if the equipmentwere
extremelysensitiveto current,or becauseit useda very
low level of current – for example, less than 0.5A.

Theequations(right)showhowtocalculatethevaluesfor
R1,R2 andR3.Vout
is theregulatedoutput
voltage.Vref is the
L200'sinternalvoltage
reference– thisfloats
around2.77V,butdue
to temperature
changescan wander
between2.64V and
2.86V.R2,or bothR1
and R2, a variable
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resistors.Thisis whatallowsyouto calibratetheoutput
voltageof the regulatorjust by turninga screw.The
processof calculatingthevaluesof R1andR2 is made
slightlymorecomplexbecauseresistorsareonlyavailable
in 'preferredvalues'– standardvaluesof resistance.
Thereforeyouhavetoselectoneofthesepreferredvalues
for R1 and R2.

When R1 is a fixed (not variable) resistor, it is usually a low
preferredvaluesuchas 680,750,920,910,1000,1100,
1200,1300or1500Ohms(theOhmis thestandardunitof
resistance).The best presets(presetsare adjustable
resistorsthatcanbemanuallysetto a specificvalue)are
the high-accuracycermetpotentiometers. Thesehavea
screwthreadinsidethatmakesthem
veryeasytoadjusttoa veryfinelevel
– fareasierthanthecheaperoptions
where you simply turn a screw
through three-quartersof a turn.
Cermetsalso havea higherpower
rating than the standardcircular
presets.

To simplifythe processfor you,the
voltagerangeproducedby preferred
valuesofa fixedR1anda variableR2
areshownin thetablebelow.Theleft
columngivesvaluesfor R1, ranging
from560 Ohmto 2000Ohm.Then
majorpartof thetableis dividedinto
two.Thisgivestheminimum,middle
andmaximumvoltagesproducedby
twodifferentvariableresistors,5,000
Ohm(5KOhm)and10,000Ohm(10K
Ohm).

The mainimpactof increasingthe
sizeofR2is to increasetherangeof
thevoltageswing.Thisis in factnot
as useful as it sounds: firstly,
becauserememberwe only really
want a small voltage swing;
secondly,becausethe biggerthe
swing,the harderit gets to set a
precisevoltagewithR2.Butthenit's
up to you to chosethe rangeof
valuesyouwant.Forexample,with
R1at 910OhmandR2usinga 5K
preset,you get roughlythe same
rangeas R1 at 1800OhmandR2
usinga 10Kpreset.Butveryroughly,
fora givenvalueofR1,changingR2
from5K to 10Kalmostdoublesthe
voltage range.

Rememberthisonekeypoint– what
agreaterrangeofadjustmentgivesusisnotanadjustable
regulatorfor a singlebatteryvoltage.It enablesus to
connectmorethanonevoltageto theregulator,andthen
control that voltage precisely. This will be according the the
rulesoutlinedabove– ideallyalwaysmakethedifference
betweenthe regulatedvoltage,and the lowestpossible
inputvoltage,somewherebetween3 and9 volts(thatis,a
variationof 6V). Most important,don't forgetthat the
absolutelimitsfor the L200soperationare a minimum
outputof about3V,andan absolutemaximumoutputof
about 36V.

Also, rememberthe note aboveabout the wandering

Copyleft 2003, The Free Range Network page 4 of 15

Values of R1 and R2

(the figures under the 'min', 'mid' and 'max' headings are the R2 resistance used to
calculate the voltage shown in the table alongside the the R1 resistance)

L200C Regulator Circuit



SSJI-03: The Tech2 Variable Voltage Regulator

voltagereference.The last line of
the table shows the variance
producedby differentlevelsof R2.
Thisfiguresrepresentthe possible
varianceof the voltageoutputplus
or minusthe figureshownin the
table.In anycase,it's rarethatall
the componentswill be spot-on
accordingto theirstatedvalue.For
this reason,double the variance
shownin thetableto besafe.Note
thatvariancealsoincreaseswiththe
total resistanceof R1 and R2
combined.Therefore,if you don't want the regulated
voltagetowanderveryfarfromitssetvalueusethelowest
valuesofR1andR2possibletogettheoutputvoltageyou
require.

Finally,currentlimiting.Pin5 canbedischargedthrougha
resistor.Thiscausesthe regulatorto limit the currentit
givesoutto a setmaximum.Whilstthiscanbe usefulto
protect equipment, it can also be a problem:
� If you limit current too low, the equipment could 'brown

out' – parts of it will lose power and malfunction because
they can't get the power they need; and

� R3 has to carry the whole output of the regulator –
meaning that they have to be quite high power resistors,
resulting in another source of energy loss.

In general,unlessyou'vegota goodreasonto limitthe
outputcurrent,youcanforgetR3.TheL200candeliverup
to 2 Amps (A). This is just enough to run a laptop computer
adequately.Anyless,andyou'llhaveproblems.Mostlow
voltagedeviceswill draw around1A. The only time
currentlylimitingbecomesa necessityis whenthedevice
drawsverylittlecurrent,lessthan0.5A.in thesecasesthe
short-circuitand overloadprotectionbuilt into the L200
maynotregistera faultintheequipment– leadingtoa full-
on burnout.For this reasonconsiderinstallingcurrent
limiting for low powered devices.

The mainproblemwith settingR3 is that high power
resistorshavelesspreferredvaluesto choosefrom.For
this reasonyou'llprobablyendup connecttwoor more
resistors in series or parallel to get the correct value.

Combination of resistors  Current
(P = in parallel. S = in series) limit, A
0.68 S 0.68 S 0.47 0.25A
0.68 S 0.22 0.5A
0.27 S 0.33 0.75A
0.22 S 0.22 1.0A
0.68 P 0.68 1.3A
0.47 P 0.68 1.6A

Thepowerratingof R3willdependonhowmuchcurrent
youwantto put throughit. Youcalculatethis value,in
Watts(W),by multiplyingthe maximumvoltageby the
averagelevelofcurrentsupplied.Forexample,if youwere
supplying16V at 1A that wouldbe 16W.If you were
supplying20V at 1.5A that would be 30W. Finding
resistorsto meetthesespecificationsis noteasy.Forthis
reasonyou'llprobablyfindit easierto omitR3altogether,
andlimittheoutputcurrentbyputtinga fusein theoutput
line (this is discussed in the next section).

1.4. Full circuit operation

Sofarwe'veconcentratedonthecomponentsthatdirectly
influencethe regulationof the voltageor currentoutput.
Theothercomponentsin thecircuitalsoperformimportant
functions.

Beyondthe basicL200 circuitshownabove,it's also
importantto buildprotectioninto yourcircuitto prevent
damage.Theproblemis thata largeleadacidbatterycan
delivera few hundredAmpsif shortedout.Thiswould
causeseriousdamageto the regulatorand cabling,
potentially leading to a fire.

CapacitorsC3andC4smooththeoutputof theregulator.
C3 is a low valuethat smoothsthe ripplesand noise
comingouttheregulator.ButC4isa verylargevaluethat
stabilisesthepowersupplyto theequipment.A particular
problemis equipmentthat containsmotorsand other
inductiveloads.These'crowbar'thepowersupply,causing
a suddendemandforpowerfora fractionofa second.By
makingC4a largevalueit actsas anenergyreservoir–
supplyingany transientdemandfor power,and then
rechargingwhen the demandreturnsto normal.This
prevents excessive demand being put on the regulator.

ResistorR4actsasa seriesresistortocontrolthevoltage
to thelightemittingdiode(LED)D1.It lightsupwhenthe
regulatoris working.It's not essentialto includean
indicatorlight,butit'susefulbecausewe'realsoputtinga
fuse,FS1,in thepowerline.If thefuseblows,you'llgetno
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power.ButthefacttheLEDis onwillindicateit'sthefuse
that's the problem.

Thevalueof FS1shouldbe set to a levelsufficientto
protectthe equipmentyouareusing.A laptopwill have
veryshort-termcurrentdemandsofupto2 or3 Amps(for
a fractionof a second).The L200 will supplythese,
provideda currentlimitingresistor(R3)isnotinstalled.For
thisreasonFS1shouldberatedat3 to3.15A.However,if
youareusingmoresensitiveequipment,likea smallradio,
youwouldwanttoputa 0.5Afusein.Mostappliancesthat
havea DCpowerinputstatethe voltageandmaximum
currentdemandsomewhereonthecase.Add50%to this
figure and you'll have a good guide to the fuse rating.

ConnectorCN2providesa neatand tidy wayof taking
powerfromtheregulator.Themainfunctionof CN2is to
preventthe outputof the regulatorbeingshortedout
accidentally – this would cause the fuse FS1 to blow.

CapacitorsC1 and C2 smooththe powerinputto the
regulator.Theinputis froma battery,so it doesn'tneed
thelevelof smoothingnormallyrequiredif youwereusing
a rectifiedACpowersource.C2is quitesmallto smooth
outlinenoise.C1is largerin orderto smooththepower
transientscreatedbytheregulator.Togethertheyhelpthe
regulator maintain a steady state of operation.

ConnectorCN1,likeCN2,providesa neatandtidywayof
connectinga line fromthe batteryto the regulator.You
coulddispensewithCN1bywiringthecabledirectlytothe
regulator.Butyou'dstillneedsomeformof connectorto
attach the line to the battery pack.

Tech2 Regulator Battery Pack

Details of the battery configuration and fuse for the battery pack
can be found in the components section.

Thefinalelementof thesystemis theconnectionto the
batterypack.Thebatterypackismadeupbyoneormore
batteriesconnectedinseries,to increasethevoltagelevel,
orinparallel,to increasethecapacityof thebatterypack–
orboth.Thebatterypackultimatelyhastwoconnections–
one positive terminal and one negative terminal.

By conventionthe positiveterminalshouldbe fused.A
large batterypack containsenoughpotentialenergy,

shouldthe supplybe shortedout, to meltdownthe
regulatorandallthewiringconnectingtoit.Thepurposeof
thefuseis to providea limitto theenergyallowedto flow
intothesystemfromthebattery.Thewiringbetweenthe
regulatorand the batterypack shouldhave sufficient
capacitytocarrypowerto theregulator– at least5 Amps.
Thereforethefuseonthebatterypackshouldbesetat a
leveltoprotectthecablingconnectingto thebatterypack.
But for the best levelof protectionset the fuseat the
maximumlevelof currentthattheregulatoris everylikely
to draw under any normal condition – 3 to 5 Amps.

Thetypeof fuseandfuseholderusedat thispointneeds
to be able to handlea lot of current.Mains-typefuse
holdersare not muchgoodfor this. Thereforeuse an
automotivetypefuseholderwithbladefuses.Theseare
cheap and easily available.

1.5. Build platform

Thecircuitneedstobebuiltona fixedplatform.Thereare
three options available:
� A printed circuit board – neat and efficient, but

expensive to produce as a one-off.
� Veroboard/stripboard – the usual media for hobbyists,

cheap and simple.
� Terminal blocks – such as a tag board or 5 Amp/15 Amp

screw terminal blocks, although this will occupy far more
space and be less physically strong. You could even
splice together wires and components using crimp
connectors.

The simplestbuild option, for the inexperienced,is
probablya terminalblock. All that's requiredis a
screwdriverto terminalsandsomewireto createjumpers
betweenblocks.However,thisoptionstillrequiresthatyou
solderwiresontotheprinciplecomponents– theregulator,
cableconnectorsandfuseholders.In theend,youmay
decidethata morecomplexmatrixboardplatformis only
slightlymoredifficulttodevelop.Alternately,if youwantto
solderall theconnections,youcouldusea tagboard.But
providedyou are able to solderthe jointscorrectly,a
veroboardor stripboardplatformis probablythe best
option.

Veroboardor stripboardpresentsa numberof waysto
arrangethecomponentsof thecircuit.Thediagrambelow
showsa exampleof a matrixboardlayout.Thisis a view
from the top, componentside (the image from the
track/solderside is mirrored).The position of the
componentsisshown,alongwiththewiresthatneedtobe
solderedto theboard.Usingstandardmatrixboard,with
tracks spaced every 0.1", has two limitations:
� The wire connections CN1, CN2, the fuse holder and
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the L200 regulator need to be
able to easily carry 3 Amps.
This makes it next to
impossible to fit them into the
small 1mm holes on the matrix
board. For this reason the
holes will need enlarging to
1.5mm or 2mm using a small
drill.

� The current capacity of matrix
board is not great. For this
reason you need to 'reinforce'
the copper strips by depositing
solder onto them. The areas
that need reinforcing are
shown as grey areas of
shading on the above diagram.
You must take great care not
to bridge the track that you are
reinforcing to the adjacent
tracks.

Finally,you'llneedan enclosure/caseof somesort to
mount the regulator in. The main limitation here is the need
tomounttheregulatorona heatsink.Theheatsinkcould
be screwedto the case,and then the regulatorfixed
throughthecaseto theheatsink.Alternately,youcould
use a heat sink of roughlythe same size as the
enclosure'slid.Then,drillingholesin therightlocation,fit
the heat sink to the case in place of the lid.

2. Building the Tech2 Regulator

Mostof thecomponentsusedto createthisregulatorare
'reclaimed'– extractedfrom discardedequipmentor
boughtas junklots.Thereforethefinalresult'snotpretty,
but its cheap and functional to construct.

2.1. Design and testing

Tobegin,thecircuitfortheregulatorwasreinterpretedas
a seriesof connectingblocks.All circuitscanbereduced
to a number of common
connections between
components. These are
importantin planningthedesign
of the circuit board.

Before soldering the
componentstogethertheywere
first tested as a working
assemblyon a breadboard.
Breadboardsare really useful
because you can plug

componentsintotheboardandwirethemtogetherwithout
causinganydamageto thewireleads.Thismeansthat
whenyouhavecheckedthedesignworkswiththatsetof
componentsyou can pull the componentsfrom the
breadboardand solderthem into placeon the circuit
board.

Thecircuitwillbeassembledonstripboard.Thisisa resin
boardwithcopperstripsrunningalongit andsmallholes
drilledat 0.1"(2.54mm)intervals.Usefully,thedesignof
the breadboard is similar to matrix board, meaning that you
can translatethe designfromone to the otheralmost
directly.

Usinga pieceof surplusaluminiumsheet,thedesignfor
thefrontpanelwasalsomappedoutat thisstage,taking
intoaccountthe sizeof the componentsandhowthey
wouldneed to be locatedwithin the unit. The main
problemsare the
regulatorchip –
as it must be
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connectedtoa metalheatsinktodissipateheat– andthe
reservoircapacitoron the outputof the regulator–
because the only junk regulator available was very large.

2.2. Building the matrix board

Buildingthe circuiton the stripboardwas simple.The
circuit had already been tested on the breadboard – all that
wasrequiredwasthetranspositionto thestripboardof the
components and wires one by one.

One significantconsiderationis the powercapacityof
stripboard.Whenoperatingat the regulator'slimitsthe
copperstripswillberequiredtoconductupto2.5Ampsat
40volts.Toensurethatthecopperstripsdonotheatup,
solderis 'mounded'alongthecopperstripsbetweenthe
components that carry the highest power load.

2.3. Machining the hardware

This designprimarilyusesrecoveredcomponents.The
heatsinkfor the regulatorwasrecoveredfroma power
supply.The front panel is made from some spare
aluminium sheet.

Itwouldhavebeenquiteeasytomounteverythinginsidea
smallenclosure,buttherewasn'ta suitablesizedoneto
hand.Soit wasdecidedtomountthecircuitboarddirectly
ontothe heatsink (withthe regulatorunderneath),and
thenscrewthe frontpanelto thesidesof theheatsink.

Thisrequiredthattheheatsinkwasdrilledandthenthe
holes 'tapped' to accept the screws.

Thefrontpanelwasdrilledtomountthecomponents.The
holes were roughlydrilledand then enlargedto the
required size using a reamer.

Therewerenogoodqualitymetricscrewsof therightsize
available.Unfortunately,theonlytapwehadavailableto
threadtheholesin theheatsinkhada metricthread.To
solvetheproblemsomeoldimperialBAscrewswerecut
to lengthandthenre-threadedtothecorrectmetricthread
using a die.

2.4. Protecting the regulator

TheL200regulatorhasfivelegs.There
areveryclosetogether,alongsideeach
other.But theyare also arrangedin
two rowsto makeconnectioneasier.
Youhavetoprotectthelegsinsomewaytopreventthem
touching one another when you fix the regulator to the heat
sink.

Firstly,wires,withsufficientcapacitytocarrythemaximum
loadtheregulatorcanconduct,weresolderedto thelegs
of theregulator.Then,to isolatethe tworowsof legs,a
pieceof insulatingtapewasfoldedintoa smallsquareand
insertedbetweenthe rows.Finally,insulatingtapewas
carefullywrappedaroundthelegsto preventthemoving
from side to side.

AnotherconsiderationwiththeL200regulatoris thatpin3,
whichconnectsto the negativerail of the circuit,also
connectstothefixingtabof theregulator.Thismeansthat
theregulatorwillconnecttheheatsink– andhencethe
wholemetalcaseoftheunit– tothenegativerail.Thiscan
bea problemif youaccidentallybrushthepositiveleadof
thepowersupply,or thepositiveleadfromtheregulator,
againstthecase.You'llgeta bigelectricalarc,andblow
the fuses in the line.

Youcanget insulatingmountsthat isolatethe regulator
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fromtheheatsinkwhilststillconductingheat– butthere
werenoneimmediatelyavailableandsotheproblemwas
ignored,and effectivelydesignedout by using good
connectorsto connectthepowerinputandoutputof the
unit.

2.5. Mounting the circuit board

Theregulatorfits underneaththe circuitboard.For this
reasonyou needsomesort of stand-offspacerto fit
aroundthe fixingscrews– theseensurethat the circuit
boardstandsclearof the regulatorchip.Spacersare
usuallysmallplastictubes.As nonewereavailable,1cm
lengthsof theexternalinsulationfromsomeheavy-gauge
mainscablewerecutusingwirestrippers.Lengthis not
criticalastheysquashupa littlewhenyouputthemunder
pressure.

Whenmountingthecircuitboardtheimportantthingis to
ensurethat the wiresto the regulatorchip loopeasily
aroundthe circuit board withoutputtingthem under
tension.If youput themundertensionit mightbendthe
legs of the regulator, causing the legs to touch.

2.6. Assembling the front panel and screwing together

The next task is to assemble the front panel.

Toconnectthebatteryleadsa springconnector,normally
used for the loudspeaker connection on stereos, was used.
Thisis a littletrickyas the rearconnectionsmustpass
throughthemetalpanelwithouttouching.Theconnector
itselfhasto be boltedthroughthefrontpanel(youcould
use self-tapping screws, but it's less secure).

Theothercomponentspushthroughthefrontpanelfrom
thefrontorrear.Thepowerpoweroutputconnect,likethe
regulator,willconnectthenegativerailofthepowersupply
tothefrontpanelunlessyouuseaninsulatingwashers.In
anycase,therewaslittlepointinsulatingthe connector
because the regulator had not been insulated.

Thefuseholderpushesin thefrontandthena plasticnut
holdsit frombehind.FinallytheLEDindicatorjustpushed
intoplace.To holdit firmlyyouhaveto drilla holethe
exactsize of the LED– in this case5mm.For extra
securityyoucansuper-gluetheLEDatthebacktoprevent
it being pushed back through the panel.

Finally,thewireswereconnectedto thefrontpanelfrom
thecircuitboard.Enoughwirehadtobelefttoensurethat
the twopartsof the unit– the frontpanelandthe heat
sink/circuitboard can
bemanipulatedwithout
puttingtensionon the
wires. The last
assembly stage
involvesfittingthefront
panelto the heatsink
with four screws.

2.7. Tidying up and
calibration

After assemblingthe
unit you'll probably
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SSJI-03: The Tech2 Variable Voltage Regulator

needto tidyup the wiresinside.Thereis not a serious
safetyproblemwiththeunitbecauseat mostit onlyuses
36volts.Butproblemsmayariseisanywiresconnectedto
thepositiveof thebatterysupplytouchthecase– they'll
arcor spark.Forthisreasonyoushouldtidythewiresup
toensuretheydon'tloopoutsideof thecase(if youusea
proper box for the unit you won't have this problem).

Nextyoutesttheunit.Forthisyou'llneeda multimeterthat
cancheckvoltages,currentsandresistances(acheapone
will do – thesecanbe boughtfor lessthan£10at DIY
stores). You need to do the following checks:

� Check the resistance between the two terminals of the
battery connector. A fault – probably cause by wires
touching the case, the legs of the regulator touching, or
a bad connection on the circuit board – will result in a
short circuit (no resistance). The resistance between the
terminals should be a couple of kilo-Ohms. If there is no
conductance at all then you've not connected something
inside.

� Put a fuse in the fuse holder – around 3 to 3.15 Amps
will do, preferably an 'anti-surge' type.

� Do the same check as above on the output connector.

� Provided these checks are OK, you can now connect a
12 to 24 volt battery – but make sure that it's fused with
around a 5 Amp fuse. But first connect the red lead of

the multimeter to the battery positive and the black lead
to the positive input of the unit, and then set the
multimeter to read a current in the range 0 to 1000
milliAmps (mA).

� After connecting up, the LED on the unit should light up.
If not, there's a problem with the connections inside. At
this stage the multimeter should be reading between 20
and 30 milliAmps – anything significantly more than this
indicates a problem, possibly from a bad connection on
the circuit board that's shorting out the power supply.

� Disconnect the multimeter and connect the battery as
normal. Set the multimeter to read voltage, and then
connect across the output of the unit (be careful not
bridge the output terminals with your meter probe or
you'll blow the output fuse). You will now see the output
voltage of the unit. To adjust put a screwdriver into the
'R2' preset and turn. You will see the voltage slowly
change. Keep turning until you get the voltage you
require.

The unit is now ready to use.

2.8. In use

As notedin the theoreticalsection,the regulatorcan
produceany voltagebetween3 volts,and around2.85
voltsbelowthebatteryvoltage.Themaximumvoltagethat

the regulatorcan handle
is 36 to 40 volts.

For example,the voltage
of a 24 volt lead-acid
battery pack will vary
betweena maximumof
26.5 to 27 volts,and a
reasonableminimumof
21.5to 22 volts(youcan
dropbelowthis,butit will
diminishtheoperationlife
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of thebatteryif doneregularly).Therefore,witha 24volt
battery,youcanproduceanyvoltagebetween8 voltsand
19 volts.

The issueto consideris that the moreyou drop the
voltage,themoreheattheregulatorwillhavetodumpinto
the heat sink – and wasted. Therefore you should minimise
the voltagedropby changingthe voltageof the battery
(seetablebelow).Theotherissueis thecapacityof the
batteriesused.Forexample,a laptopcomputerconsumes
around1.5Amponaverage,butthismayriseto2.0Amps
whenthelaptop'sinternalbatteryischarging.Batteriesare
ratedin 'Amp-hours'(Ah)– butthisisnota realisticvalue.
Youonlywantto use50%of a deep-cyclesealedlead-
acidbattery'scharge,otherwiseyouwill damageit (and
only25%foranordinarySLA).Sotheavailablecapacityis
half the stated capacity. Therefore:
� A 4Ah battery will run a laptop for 1.3 hours, but at

maximum capacity the regulator will run for 1 hour.
� A 7Ah battery will run a laptop for 2.3 hours, but at

maximum capacity the regulator will run for 1.75 hours.
� A 16Ah battery will run a laptop for 5.3 hours, but at

maximum capacity the regulator will run for 4 hours.
� A 40Ah battery will run a laptop for 13.3 hours, but at

maximum capacity the regulator will run for 10 hours.

It wouldbe veryeasyto wiretogetherbatteriesto make
therequiredvoltage.Butnearlyalwaysyou'llfindthatyou
needmoreflexibilitythanthat.Forthisreasonthebattery
packis wiredto a four-waypowerconnector– the type
usedfor powerconnectionsinsidea PC computer,and
whichyoucanoftenpickup in thejunkbinsof computer
shops.Thematchinghalfof thepowerconnectorcanthen
be configured in two ways:
� Two of the terminals, corresponding to the positive

terminal of one battery and the nagative terminal of the
other, are wired together. This means that the remaining
two terminals provide positive and negative connections
at 24 volts.

� The two positive terminals are connected together, as
are the two negative terminals, and then connections
are made to these two. This give twelve volts but at
twice the power rating.

Themajorflexibilityof thisoptionis thatyoucanconnect
theregulatorto thebatterypackat onetime,or connect,
using a secondpower connectorwith the different
configurationofwires,a 12voltappliance.Themostlikely
candidatebeinganinvertertoconvert12voltsDCinto230
voltsACto simulatemainspower.Thislatteroptionuses
morepower,andso the fact youhavetwobatteriesin
parallel doubles the power available.

By usingconnectorsin this wayyoucan just plugin a

differentconnectorto the batterypack to changethe
configurationfromseriestoparallel,andviceversa,rather
than physically re-wiring the batteries.

3. Components for the Tech2 Regulator

Thispagelooksat thecomponentsrequiredto buildthe
Tech2 regulator.

If you wantto buy the components,ratherthansource
themfor junk,everythingcan be obtainedfromMaplin
Electronics.Forfurtherdetailsof theircatalogue,orwhere
their shops are located, see http://www.maplin.co.uk/.
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Circuit ref. Component Attributes Source/cost

IC1 L200C regulator L200 comes in various guises,
each with a diffent code suffix.
The 'C' variant is a plastic
('Pentawatt') case with five legs.
All variants work in a similar
way.

Not likely to find as surplus, unless you rip them out of
some old equipment. Maplin sell single L200CV
regulators for £2.49, or £2.24 if you buy 5 or more (both
inc. VAT). Other component suppliers sell the L200 for
less, but with various minimum purchase levels. Maplin
order code, YY74R.

R1 820R 0.25W metal film
resistor

Standard 820 Ohm resistor Available new from Maplin for a penny each, or
recovered from old equipment. However, older resistors
may have a lower tolerance, or be degraded, which is a
problem as the accuracy needs to be within a few
percent. Maplin order code M820R.

R2 5K Ohm or 10K Ohm
preset/potentiometer

Standard cermet preset. Similar values can be recovered from older electrical
equipment. However it's better to have the multi-turn
types rather then the simple three-quarter turn types as
you can adjust the output voltage with greater accuracy.
18 turn cermet presets available from Maplin for 79p
each. Order code WR48C (5K preset) or WR49D (10K
preset).

R3 High power resistor Value depends upon current
limiting requirements – suggest
that you seriously consider not
using R3 and instead use a low
value fuse in FS1.

Low value resistors are available from waste
equipment, especially power supplies. The problem will
be the power rating. For most applications you are
going to need resistors with a power rating of at least
5W, but perhaps as high as 25W. Maplin have a
restricted range of high power wire wound resistors.
Other component suppliers, such as Farnell or RS,
have a better selection but you will have to buy a certain
minimum quantity. Expect to pay 10p to 50p depending
on the power rating. If ordering from Maplin, 3W, 7W
and 10W resistors available, but the 10W range has
only a few preferred values.

R4 1k2 0.25W metal film
resistor

The actual value of this resistor
depends upon the rating of D1

Most LEDs have a forward voltage of 2.0V to 2.2V, and
a current rating of 15mA to 30mA. However, reating of
R4 depends upon output voltage, which might vary from
3V to 36V. 1200 Ohm (1k2) is a value that's fairly
suitable across the popular voltages – 9V, 12V, 18V,
and 24V. It should also suit most LED's current rating.
Available new from Maplin for a penny each, or
recovered from old equipment. Tolerance is not critical
(10%). Maplin order code M1K2R.

D1 Standard red or green
LED

Very roughly 2V forward voltage
and 20mA to 30mA current
consumption.

LEDs can be recovered from most electrical equipment.
Unless they are made to work with higher voltages
(5V/12V) or they are contain flashing chips, most 3mm
and 5mm round or square LEDs should be suitable.
New round 5mm LEDs can be bought from Maplin for
10p each. Order code WL27E (red) or WL28F (green).
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Circuit ref. Component Attributes Source/cost

C1 10µF 63V electrolytic
capacitor

Lower voltage ratings are not
suitable since they should be
rated at at least twice the battery
voltage. 63V (standard value for
electrolytics) or higher should be
OK. 50V will probably do if using
a 24V battery pack or less.

10µF is a very common value, so you might be able to
recover one from old equipment. But you are more likely
to find the 63V rated capacitors in power supplies or old
TVs where higher voltages are used. Maplin sell a 100V
radial version for 5p each, order code VH24B.

C2 0.22µF (or 220nF) resin-
dipped ceramic
capacitor

Ceramic or polyester capacitors
are OK for smoothing a pretty
stable DC power source

0.22µF can be recovered from old equipment but you
might have problems identifying them – some
manufacturers use part codes instead of capacitance
values on components. Maplin sell 0.22µF resin-dipped
ceramics for 9p each, order code RA50E.

C3 0.1µF (or 100nF) resin-
dipped ceramic
capacitor

Ceramic or polyester capacitors
are OK for smoothing a pretty
stable DC power source

0.1µF can be recovered from old equipment but you
might have problems identifying them – some
manufacturers use part codes instead of capacitance
values on components. Maplin sell 0.1µF resin-dipped
ceramics for 9p each, order code RA49D.

C4 1000µF, 100V
electrolytic capacitor

100V rating chosen to protect
against the damage caused by
reverse EMF created by
inductive loads. Peak-to-peak
voltages returning from inductive
loads may approach 60V where
the DC supply voltage is 20V or
higher. 63V capacitors would be
OK where low voltage or non-
inductive loads are used.
Alternately you could just put a
blocking diode in the output to
CN2, but this will burn off more
energy as it would drop another
1V to 2V off the regulated
output. 1000µF has been
chosen as a reservoir capacitor
suitable for most applications.
But with equipment that creates
a lot of heavy power surges
(e.g., audio amplifiers) it's not
enough, and you'll need to go
two or four times higher.

1000µF capacitors can be recovered from old power
supplies and TV – but be sure to check the voltage
rating. Maplin sell 1000µF 63V capacitors for 59p each,
order code VH52G. If you want to go for the higher
100V capacitor, Maplin sell these for £1.49 each, order
code VH53H.

CN1 Line connector Any variety of power connector,
to suit your purpose, may be
used. As CN1 connects to a
battery all types of wire may be
used. For this reason a level
connector, like that used for
loudspeaker connections, would
allow the quick connection of
bare wires. Otherwise use a
standard battery connector, or
terminal posts with screw-
fittings.

Power connectors can be recovered from many types of
portable equipment. Often the problem you'll have is
finding a plug to fit the socket. Connectors that accept
bare wires are useful in this application as you can then
use any available wire to hook-up the power from the
battery pack. Maplin sell a wide range of connectors.
But never use a mains connector for this purpose as
you risk someone plugging the mains supply into your
regulator
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Circuit ref. Component Attributes Source/cost

CN2 Line connector Any variety of power connector,
but unlike CN1, more care
should be taken to reduce the
risk of short-circuiting the output.

The 2.5mm power sockets on most portable equipment
would do for this application. However, a panel
mounting option would be better. It all depends what
you can salvage from trash equipment. Otherwise,
Maplin sell a variety of panel mounting power
connectors. But as noted above, never use any type of
mains power connector.

FS1 20mm fuseholder, with
fuse

Panel mounting fuseholder
chosen – you could use a circuit-
mounted or in-line fuseholder,
but you'd have to open-up the
enclosure to get at it. A 2A anti-
surge fuse was used in the
holder. 'Anti-surge' fuses will
tolerate a current of slightly more
than 2A for a fraction of a
second before blowing. This is
useful when powering a laptop
as the disk drive produce
transient current drains. For
more sensitive equipment use
lower rated fuses nearer to the
current consumption of the
device. If the equipment is very
sensitive, use 'quickblow' fuses.

20mm fuses can be found inside older equipment – not
all new equipment uses them because switched mode
power supplies are fairly stable. Likewise, where there's
fuses you'll be able to recover fuseholders. Maplin sell
panel mounting 20mm fuseholders for 99p each, order
code DA59P. Maplin also sell packs of 10 anti-surge (or
'time delay') fuses, in a variety of power ratings for
£1.79 each, or packs of 10 quickblow fuses for 79p
each.

Heat sink TO220-style heat sink Ideally you should look for a
heat sink that's rated 10°C/W to
15°C/W to handle the heat load
easily

A heat sink can be any lump of aluminium, but it helps if
it has fins to increase the surface area. A section of
aluminium window extrusion or box section, 10cm long
and 3cm to 5cm wide, would qualify as a minimal heat
sink. You can also recover some large heat sinks from
older power supplies, stereo amplifiers and TVs. Maplin
stock a variety of heat sinks suitable for this purpose.

Strip board Standard SRBP matrix
board 0.1" matrix board
will do, provided that you
'reinforce' certain part of
the copper strips to
increase current
capacity.

Good matrix board doesn't tend
to get thrown away. Therefore
you'll have to buy it.

Maplin stock various sizes of board. A piece twice as
big as required for this project (order code JP46A) cost
79p. But it's probably more cost efficient to buy the
largest board they have and cut it down for each project
you develop (cost around £4).

Case A metal case Metal cases are preferred over
plastic cases because they
radiate more heat. Another
option would be to fold a sheet
of metal to form a squared 'U'
shape and then screw or bolt
this to your heat sink to form the
4th side of your enclosure.

Any type of metal box or other enclosure can be used.
The important thing is that it should protect the internal
components, whilst having enough space to ensure that
the components need not be squashed inside the box.
Also, unless you isolate the regulator from the heat sink,
and some power connectors from the case, the box will
be connected to the negative supply of the
battery/power supply. You must ensure that no part of
the positive supply has a chance to touch the inside of
the enclosure. But if you want things plain and simple,
Maplin sell a variety of metal enclosures suitable for this
application – for example their aluminium instrument or
chassis cases, costing £3 to £10.
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Circuit ref. Component Attributes Source/cost

Battery A battery pack The battery pack should be
designed to suit your need for
voltage and capacity – this is
discussed at length in the text of
the 'theoretical' section. Sealed
Lead Acid (SLA) batteries
usually come in 6V or 12V cells,
and in a variety of capacities.

Most of the surplus SLA batteries you may obtain are
likely to be near the end of their lives. This can create
problems when putting two or three together because
each has a different discharge characteristic. Maplin sell
new SLAs in a variety of capacity, and in low (cheap)
and high (expensive) quality versions. Capacities vary
from 1Ah to 65Ah. They also sell 'deep cycle' SLAs
(DC-SLAs). For a good quality, 12V, 12Ah SLA expect
to pay £35 each. A 12V, 17Ah deep discharge DC-SLA
costs £60.

Battery fuse Automotive fuseholder
with blade fuse

Automotive fuses have the
advantage that they're cheap
and easy to obtain.

You can obtain old automotive fuseholders from
garages and vehicle breakers. Fuses can be bought
cheaply at markets and DIY stores. Maplin sell an inline
fuseholder, rated at 30A, for £1.29 (order code KK80B).
A variety of blade fuses from 3A to 5A are available for
29p each.

Battery
connector

Connectors to suit your
particular battery pack

Different types of SLA have
different types of connector.
Some have push connectors
that crimp onto wires. Higher
capacity batteries have clamp
connectors. You'll need to get
the types of connector that suit
your battery.

The nature of these connectors is such that you are
unlikely to find usable connector in the trash. DIY
stores, and even Argos, stock crimp connector sets that
are useful for wiring up battery packs – however you
nearly always don't have enough of the type of
connector you require. Automotive spares dealers will
also sell crimp connectors and battery clamps.
Otherwise, Maplin sell a variety of crimp and clamp
connectors.
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