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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 Tech?2 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 equipmen
laptops.

TheTechZRegulator 10V of the batteryvoltage wastindess energyin the

. . rocess.
The Tech2Regulatoris a variablevoltageregulator P

designedor poweringquipmenfroma batterypack.It Theinformatioon the Tech2regulatois splitintothree
was designed during a renewable energy workshop alBasst
of the TechZestiva[seehttp://tech2.southspace.aet/] ~ Theoretical a technical guide to what the Tech2

the FollyGalleryLancasterin August/Septemb2002 Regulator is and how it works. The purpose of this
(hence the nanfiech? section is to provide sufficient information for a person to
Mostdigitalequipmerfunctionst a widerangeof non- develop their own version of the Tech2 Regulator.
standardoltages- from?7 volts(V)to 22V Theseequire Componentsa table of the components required to
amainsadapterSoif youwantto go mobilebeyondhe build the Tech2 Regulator, and how to obtain them. This
mains, creating these various voltages can be difficult. (heks at the opportunity to obtain the components from
optioristousea standard 2Vor 24Vbatteryanda mains junk as well as new.

inverter. But this actually is quite wasteful. You lose 10%uifding- an implementation of the Tech2 Regulator, in
theenergyn theinverterandthepowesupplie$ormost fact the design prototype, utilising a mixture of new and
low-voltagequipmemhayoftenconsumasmuchpower recovered parts (including an simple, scrap enclosure to
as the equipment itself. mount the regulator in).

1. The Theory of the Tech2 Regulator

Thissectiorlooksat thetheoryof the Tech2regulatont

explainghe technicabackgrountb the designof the

regulatogndthedetaibfits operatioPAnmorepractical
illustrationf theregulatodesigrin useis providedh the

buildingsection.Furtherinformatioron the materials
neededto build the regulatorcan be foundin the

componentection.

1.1. Batteries and voltage regulation

TheTechZRegulatas a smallyariablevoltageregulator
designedio powerlaptopcomputersand other low-
poweredligitakquipmeritombatteriesT o powedigital
equipmentequiresa steadyvoltage,usuallybetween
quite tight voltagelimits. Batteriesdo not providea
constantvoltageover their dischargecycle,and so a
voltageregulatois a way of ensuringhat the battery

Convertinffoma fixedbatteryoltagedownto a pre-set
DCvoltagas moreefficienfaroun®5%— 98%) Butto
do this you needa regulatorThe Tech2Regulators
designetbproduc®Cvoltagefrom5Vupto 32V using
differenpacksofbatterieproducing nominavoltagef
12Vv,18V 24V 30Vor36V.Thisis moreefficienbecause
theregulatoneedonlyregulat¢hevoltagdetweelVto
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SLA Battery Discharge Graph
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alwaysprovidesa constanbutputto the equipmenit
powers.

Whenwe talk aboutbatteriesve'rereallytalkingabout
sealedead-aci¢SLAYatteriesThesarehighlyefficient
versionefcarbatteriesyithadditionalesigrfeatureso
stopthemleakingacid and noxiousgases(unlessyou
reallyabusehemwhilsthargingOtheitypesof battery,

such as Nickel-CadmiufiNiCad) Nickel-Metal-Hydride

(NiMH)or Lithiumlon (Lion) are eithernot powerful
enougloraresoexpensivastobebeyondhemeanof
trash-tech projects.

SLAbatteriehavea particuladischargeharacteristic.
Thevoltageropsastheydischargd hisis causedyythe
breakdowaf chemically-bouadergyntheleadplates
of the battery A batteryhas a 'nominalvoltage— for
exampld 2volts(V).Buttheactualoltagefthebattery
fully chargedwill be around13.2Vto 13.8V.As it
dischargeshe voltagefalls, and controllindhis fall is
essentiab preservéhelifeofthebattery- seethegraph
above(drawrfor a standar@&LAbattery)A welllooked
aftera batterywill last500to 1,000discharge/recharge
cyclesButif youregularlydeepdischargean ordinary
SLA battery the damage mounts up, significantly
shorteninghe lifetimelf you completelgischargehe

battery. The capacity is
measured in  Amp-hours
(Ah).Fora 12V batterya
1AhcapacityilldelivertheoreticalljL,2Vwitha current
of1 Ampforl hour A 4Ahbatteryvoulddelived Ampfor
4 hours2 Ampdor2 hourspr4 Ampdor1 hourgtc.For
standar&LAsto ensurghevoltagaloesnotdroptofar,
youwouldnlyuse25%to 40%of thiscapacitySoa 4Ah
batteryillonlyreallygiveyoul.5Afor1 hour A DC-SLA
canbe dischargetb 45%to 55%o0f the capacitygiving
you half of the rated capacity.

Thepurposef voltageegulatiois to ironoutall these
variations hevoltageegulataresistgheflowofcurrent,
droppinthevoltagelowrno a constanevel Butunlikea
normalfixedresistoiin a circuitthe regulatochanges
dynamicalip responséo theincomingoltagdevel The
outputs thereforeonstanto withironlya fewpercenof
the set level.

1.2. The limits of regulator design

Voltageegulatora/orkby resistingurrentlow— holding
backenergyto createa dropin the voltageTheinternal
characteristicdtheregulatomeanghattherehasto be
a certairdifferencbetweethevaryingnputvoltageand
theconstanbutput/oltageotherwiséheregulatowillgo
haywirer shutdown Thisvoltage- thedrop-outoltage

battery, and leave it like that for a little while, it will ceasé &pecific to each type of regulator.

functionSowhemotin useregularlghecktheirvoltage,
and if required, top-up by charging.

SLAbatteriesomein differentypes Standar&LAscan
discharg& abouB0%oftheimominavoltage-sofora

12V batterythat'saround10.8V.Beyondhat and you
beginto accumulatelamage Belowaround9.5V you
beginodoseriouslamageandby5Vyou'regoingo be

killingyourbatteryAnalternativeo standarLASS the
'deep cycle' SLAs (DC-SLA).This has more highly
engineeredead plates,and specialcatalyststo help

Wherplanninghedesigroftheregulatat isimportarto
considetherangeof theinputvoltageTheremustbe a
minimundifferencéetweerthe regulated/oltage and
the inputvoltage of at leastthe level of the drop-out
voltag€Vd. Forbatterietherearetwolowelevels-the
lowestlevelthat can possibl\be reachedV)), andthe
lowest/oltagahatthebatterywillnormallype discharged
to (Vn. Finallythe regulatoitselfhas a lowerlimitto
regulatiofivbh. Thefive keydesignimitsof thissystem
are therefore:
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The lowest voltage possible is the
regulator's lowest limit, Vb.

Designing the Voltage Regulator

The highest reliable litgtto 14V 12v 10V 8v 6v v G ov
regulation is Vn — Vd. B X
The highest limity under normal I:;rmal |ow¢|§[|
. . tt Ossine
operation is Vn — Vd. varia:ir:n \?arialion mikimurh
The range of reliable regulatipis, regulator
Vb up to Va. haxirtum q_|'_' voltage
; ; requlat regulator
The range of unreliable reguldtion, 3(9);;39:' drop-out l
is Va to Vh. l =25V
Todesigrareliableandefficientegulator :
we alsohaveto minimisehe difference :E"’j';::)': I;‘;'::z_'lil r;;u&t:'ieonwr)
betweerthelowesinputvoltageVi, and Y + +
the regulatedvoltage,Vr. Every volt *
Vh Va Vb

increasbetweethesawofiguresneans
the regulator must burn off more heat.

Giverthatweareusingbatteriedpsingnoreheatmeans
losingenergy- whichcouldhavepoweredheequipment.
We can'tchangethe regulated/oltage so we haveto
lowerthe inputvoltageby changinghe voltageof the
batteryAtmostwedon'twanto regulat®vera rangeof
morethan 6V. Thatmeansvaryingthe voltageof the
battenpackby 6Vin eithedirectiorfwitha littleoverlaif
possible)The rangeof voltagegproducedy different

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

combinations of batteries are shown in the table below:output voltage precision is required and eliminates the

Nominal Made SLA Reliable

voltage, M up from range, output, V

36V 3x12 33V to 39.7V 24V to 30V
30V 5x 6V 27.5Vto 33V 18V to 24V
24V 2x 12 22V to 26.5\12V to 18.5V
18V 3x6V 16.5Vt019.8V 7V to 13V
12v 1x12 11Vto 13.2v  3Vto 8V

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

So,forexampldf youwanted 6V themostefficientvay
to obtairit wouldbe to regulatelowrnfroma nomina24Vv
batteryButif youwantedL2V (a borderlin@ptionthe
mostefficienbptionwouldbe to regulatelownfrom18V
(using 24V would burn off far more energy).

1.3. A regulator using the L200C

There are many types of fixed and variablevoltage
regulatoavailableF-ora practicatlesignthatcanpower
anythingroma networkhubto a laptopcomputenyve

needsomethinthatcansupply0.5to 2 Ampsof current
(regulatorareclassontheircurrentapabilityin addition
to their operating voltage). For this ta2k@i@s ideal.

need to stock a range of fixed voltage regulators.

This makesit idea for this purposelt also, unlikea

switchednodestep-upor step-dowmegulatorequired
few externatomponentsA simplecircuitfor the L200
regulator is shown on the next page.

Thecriticalcomponentare the threeresistorsR1, R2
and R3. TogetherR1 and R2 controlthe level of the
regulatedgoltageR3controlgurrentimitingln actuality,
currentimitings onlyrequiredvhereyouwanto limitthe
currento protecthe equipmenthatyouare powering.
You'donlyreallyneedto do thisif the equipmenivere
extremelgensitiveo currentpr becauset useda very
low level of current — for example, less than 0.5A.

Theequationg&ightshowhowto calculat¢hevaluegor

R1,R2andR3.Vout
R2
Vout = Vref (1 oy )
R1

istheregulatedutput

voltage.Vref is the
Vﬁut
— -1
VNf

L200'snternavoltage
reference- thisfloats
aroun®.77Vhutdue
to temperature
changescan wander
between2.64V and
2.86VR2,0r bothR1
and R2, a variable

R1=R2/

. 0.45

!0 max
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L200C Regulator Circuit

resistorsThisis whatallowsyouto calibratdhe output
voltageof the regulatojust by turninga screw.The
proces®f calculatinthe valuesof R1andR2is made
slightlymorecomplekecauseesistorareonlyavailable
in 'preferredvalues'— standardvaluesof resistance.
Thereforgouhaveto selecbneofthesepreferrestalues

for R1 and R2.

When R1 is a fixed (not variable)

preferredaluesuchas 680,750,920,910,1000,1100,
1200,13000r 15000hmgtheOhmis thestandardnitof
resistance)The best presets(presetsare adjustable

resistorshatcanbe manuallgetto a

the high-accuraayermetpotentiometer$hesehavea

screwhreadnsidethatmakeshem
veryeasyto adjusto a veryfinelevel
— fareasiethanthe cheapeboptions
where you simply turn a screw
through three-quarter®f a turn.
Cermetsalso have a higherpower
rating than the standard circular
presets.

To simplifythe procesdor you, the
voltagerangeproducedby preferred
valueofafixedR1landavariabld&r2
areshowrinthetablebelowTheleft
columrgivesvaluesfor R1, ranging
from560 Ohmto 20000hm.Then
majomartof thetableis dividednto
two. Thisgivesthe minimuminiddle
and maximunvoltagegproducedy
twodifferenvariableesistors5,000
Ohm(5KOhm)nd10,00@0hm(10K
Ohm).

The mainimpactof increasinghe
sizeof R2istoincreas¢éherangeof
thevoltageswingThisis in factnot
as useful as it sounds: firstly,
becauseremembewe only really
want a small voltage swing;
secondly becausethe biggerthe
swing,the harderit getsto set a
precisevoltagaevithR2.Butthenit's
up to you to chosethe range of
valuesyouwant.Forexamplewith
R1at 9100hmandR2 usinga 5K
preset,you get roughlythe same
rangeas R1 at 18000hmandR2
usinga 10KpresetButveryroughly,
foragivenvalueofR1,changinfr2
from5K to 10Kalmostdoubleghe
voltage range.

Remembehisonekeypoint-what
agreaterangeofadjustmenmiveausis notanadjustable
regulatofor a singlebatteryvoltagelt enablesus to
connecimorethanonevoltageo theregulatoandthen
control that voltage precisely. This will be according the the
rulesoutlinecibove- ideallyalwayanakethe difference
betweerthe regulated/oltage and the lowestpossible
igqg%oltagesomewherbetweer?o and9 volts(thatis,a
variationof 6V). Mostimportantdon't forgetthat the
absolutdimitsfor the L200soperatiorare a minimum
outpubf about3V,andan absolutenaximunoutputof
about 36V.

resistor, it is usually

specifizalueare
Also, remembethe note aboveaboutthe wandering

Values of R1 and R2

(the figures under the 'min’, 'mid' and 'max’ headings are the R2 resistance used fc
calculate the voltage shown in the table alongside the the R1 resistance)
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voltagereferenceThe last line of

the table shows the variance
producedy differentevelsof R2.

Thisfiguresrepresenthe possible
varianceof the voltageoutputplus

or minusthe figureshownin the

table.In anycase,it's rarethatall

the componentswill be spot-on
accordingo theirstatedvalue For

this reason,doublethe variance
shownin thetableto be safe.Note
thatvariancalsoincreasewiththe

total resistanceof R1 and R2

combinedThereforejf you don't want the regulated
voltageéowandeveryfarfromits setvalueusethelowest
valuefR1andR2possibl¢o gettheoutpuvoltageou

require.

FinallycurrentimitingPin5 canbe dischargethrougla
resistorThiscauseghe regulatoto limitthe currentt
givesoutto a setmaximunmhilsthiscanbe usefuto
protect equipment, it can also be a problem:

The Full Regulator Circuit

Further information on the materials needed to build the regulator can be found in the components sectic

Thepowerratingof R3willdependn howmuchcurrent
youwantto put throught. You calculatehis value,in
Waltts(W), by multiplyinghe maximunvoltageby the
averagdevelof currensupplied-orexamplef youwere
supplyindl6V at 1A thatwouldbe 16W.If you were
supplying20V at 1.5A that would be 30W. Finding
resistorso meetthesespecificatioris noteasy Forthis
reasoryou'llprobablyindit easieito omitR3altogether,
andlimitthe outputurrenby puttinga fusein the output

If you limit current too low, the equipment could ‘brqa (this is discussed in the next section)
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 —

1.4. Full circuit operation

meaning that they have to be quite high power resist8f@rwe'veconcentratezshthecomponentsatdirectly

resulting in another source of energy loss.

In generalunlessyou'vegota goodreasorto limitthe
outputurrentyoucanforgeR3.TheL200candeliveup

influencehe regulatiomf the voltageor currenoutput.
Theothercomponenta thecircuilsoperfornimportant
functions.

to 2 Amps (A). This is just enough to run a laptop confftiendthe basicL.200 circuitshownabove,it's also

adequatehAnyless,andyou'llhaveproblemdaviostiow
voltagedeviceswill draw around1A. The only time
currentlyimitindoecomes necessitijs whenthedevice
drawsverylittlecurrentiessthan0.5Ainthesecasedhe
short-circudind overloadorotectiorbuiltinto the L200
maynotregistea faultintheequipmentleadingoa full-
on burnoutFor this reasonconsidelinstallingcurrent
limiting for low powered devices.

The main problemwith settingR3 is that high power
resistordravelesspreferredvalueso chooserom.For
thisreasonyou'llprobablyend up connectwo or 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
0.68S0.22 0.5A
0.27 S0.33 0.75A
0.2250.22 1.0A
0.68 P 0.68 1.3A
0.47 P 0.68 1.6A

importanto build protectiomnto yourcircuitto prevent
damageTheproblenis thata largeleadacidbatterycan

delivera few hundredAmpsif shortedout. Thiswould
cause seriousdamageto the regulatorand cabling,
potentially leading to a fire.

Capacitor€3andC4 smoottihe outpubftheregulator.
C3is a low valuethat smoothghe ripplesand noise
cominguttheregulatoButC4is a verylargevaluethat
stabilisethe poweisupplyto theequipmen# particular
problemis equipmenthat containsmotorsand other
inductivébadsThesécrowbathepowesupplycausing
a sudderdemandorpoweifora fractiorof a secondBy
makingC4 a largevalueit actsas an energyeservoir
supplyingany transientdemandfor power,and then
rechargingvhenthe demandreturnsto normal.This
prevents excessive demand being put on the regulator.

ResistoR4actsasa seriegesistoto controthevoltage
tothelightemittingliode(LED)D1.1t lightsup wherthe
regulatoris working.lt's not essentialto includean
indicatolight,butit's usefubecauseve'realsoputtinga
fuse FS1,jnthepowetine.If thefuseblowsyou'lgetno
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powerButthefactthe LEDis onwillindicatet'sthefuse
that's the problem.

Thevalueof FS1shouldbe setto a levelsufficiento
protecthe equipmengouare using.A laptopwill have
veryshort-terraurrenttemandsfupto 2 or 3 Ampgfor
a fractionof a second).The L200 will supplythese,
provided currentimitingesisto(R3)is notinstalled-or
thisreasorFS1shoulderatedat 3 to 3.15AHoweveif
youareusingnoresensitivequipmenlikea smalfradio,
youwouldvantto puta 0.5Afusein. Mosiappliancethat
havea DC powerinputstatethe voltageand maximum
currentlemandgomewherenthecase Add50%to this

shouldthe supplybe shortedout, to meltdowrthe
regulataandallthewiringconnectingit. Thepurposef
thefuseis to providea limitto theenergyallowedo flow
intothe systenfromthe batteryThewiringoetweerthe
regulatorand the batterypack shouldhave sufficient
capacityo carrypowetotheregulator atleasts Amps.
Thereforéhefuseonthebatterypackshoulde setata
levelto protecthecablingonnecting thebatterypack.
But for the bestlevelof protectiorset the fuse at the
maximurtevelof currenthattheregulatois everylikely
to draw under any normal condition — 3 to 5 Amps.

Thetypeof fuseandfuseholdeusedat thispointneeds

figure and you'll have a good guide to the fuse rating.to be able to handlea lot of currentMains-typéuse

Connecto€N2providesa neatand tidy way of taking
poweirfromthe regulatorThemainfunctiorof CN2is to
preventthe outputof the regulatoibeing shortedout

accidentally — this would cause the fuse FS1 to blow.

Capacitor€1 and C2 smooththe powerinputto the
regulatorTheinputis froma batteryso it doesn'need
thelevelof smoothingormallyequiredf youwereusing
a rectifiedAC powersourceC2is quitesmallto smooth
outlinenoise Clis largerin orderto smooththe power
transientsreatedytheregulatoTogethetheyhelpthe
regulator maintain a steady state of operation.

holdersare not muchgoodfor this. Thereforaise an
automotiveypefuseholdemwithbladefuses.Theseare
cheap and easily available.

1.5. Build platform

Thecircuineeddo bebuiltona fixedplatformThereare
three options available:
A printed circuit boandeat and efficient, but
expensive to produce as a one-off.
Veroboard/stripboarthe usual media for hobbyists,
cheap and simple.

Terminal blockssuch 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

Connectd€N1JikeCN2 provides neatandtidywayof
connecting line fromthe batteryto the regulatorYou
coulddispens&ithCN1bywiringhecabledirectlyothe

regulatorButyou'dstillneedsomeformof connectoto
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.

Thefinalelementf the systermis the connectioto the
battenpack.Thebatterypackis madeupbyoneormore
batteriesonnecteth seriestoincreas¢hevoltagdevel,
orinparalleoincreas¢hecapacitpfthebatterypack—
orboth.Thebatterypackultimatelitastwoconnections
one positive terminal and one negative terminal.

By conventiothe positiveterminakhouldbe fused.A
large batterypack containsenoughpotentialenergy,

connectors.

The simplestbuild option, for the inexperienceds

probablya terminalblock. All that's requiredis a

screwdrivedo terminalandsomewireto creatgumpers
betweelblocksHowevethisoptiorstillrequireshatyou

soldewiresontotheprincipleomponentstheregulator,
cableconnectorandfuseholdersin the end,youmay
decidethata morecomplexnatrixoardplatforms only
slightlynoredifficulto developAlternatelyf youwantto

soldealltheconnectiongpucouldusea tagboard But

providedyou are able to solderthe jointscorrectlya

veroboardr stripboardlatformis probablythe best
option.

Veroboarar stripboargresentsaa numberof waysto

arrangehecomponentsf thecircuitThediagranbelow
showsa exampl®f a matrixooardayoutThisis a view
from the top, componenside (the image from the
track/solderside is mirrored).The positionof the
components shownalongwviththewireghatneedo be

solderedo the board Usingstandaranatrixooard 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/casef somesortto

mount the regulator in. The main limitation here is the

tomountheregulatoona heatsink.Theheatsinkcould
be screwedo the case,and then the regulatoffixed
througltthe caseto the heatsink.Alternatelyoucould
use a heat sink of roughlythe same size as the
enclosure'td. Thendrillincholesin therightlocationfit
the heat sink to the case in place of the lid.

2. Building the Tech2 Regulator

Mostof the componentissedto createthisregulatoare
'reclaimed- extractedfrom discardedequipmentbr
boughtisjunklots. Therefor¢hefinalresult'siotpretty,
but its cheap and functional to construct.

2.1. Design and testing

Tobeginthecircuifortheregulatowasreinterpreteas
a seriesof connectinglocksAll circuitsanbe reduced
to a number of common

Example of a stripboard layout for the regulator

componentatotheboardandwirethemtogethewithout
causingany damagedo the wireleads.Thismeanghat
ouhavecheckedhedesigrnworkswiththatsetof

componentyou can pull the componentgrom the

breadboarénd soldertheminto place on the circuit
board.

Thecircuiwillbe assemblednstripboardlhisis a resin
boardwithcoppestripsrunningalongit andsmallholes
drilledat 0.1"(2.54mmintervalsUsefullythe designof

the breadboard is similar to matrix board, meaning that yot

can translatehe designfromone to the otheralmost
directly.

Usinga pieceof surplusaluminiursheetthe desigrfor
thefrontpanelwasalsomappeadutat thisstagetaking
into accounthe size of the componentand howthey
wouldneedto be locatedwithinthe unit. The main
problemsare the
regulatorchip —
as it must be

connections between
components. These are
importani planninghedesign
of the circuit board.

Before soldering  the
component®gethetheywere
first tested as a working
assemblyon a breadboard
Breadboardare really useful
because you can plug
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connectetb a metaheatsinkto dissipatbéeat— andthe
reservoircapacitoron the outputof the regulator—

Thisrequiredhatthe heatsinkwasdrilledandthenthe
holes 'tapped' to accept the screws.

because the only junk regulator available was very large.

2.2. Building the matrix board

Buildingthe circuiton the stripboardvas simple.The

circuit had already been tested on the breadboard — all that

wasrequireavasthetranspositidio thestripboardfthe
components and wires one by one.

One significantonsideratiois the powercapacityof
stripboardwWhenoperatingt the regulator'éimitsthe
coppestripawvillberequiredo conductipto 2.5Ampsat
40volts.Toensurghatthe coppestripsdo notheatup,
solderis 'moundedilongthe copperstripsbetweerthe
components that carry the highest power load.

2.3. Machining the hardware

This designprimarilyusesrecoveredcomponentsihe
heatsinkfor the regulatowasrecoveredroma power
supply. The front panelis made from some spare
aluminium sheet.

Itwoulchavebeenjuiteeasytomouneverythinmsidea
smallenclosurdyuttherewasn'ta suitablesizedoneto
hand Soit wasdecidedo mounthecircuiboarddirectly
ontothe heatsink (withthe regulatounderneathgnd
thenscrewthe frontpanelto the sidesof the heatsink.

Thefrontpanelwasdrilledo mounthecomponent$he
holes were roughlydrilledand then enlargedto the
required size using a reamer.

Therewverenogoodqualitymetricscrewsftherightsize
availableUnfortunatelthe onlytapwe hadavailabléo

threadheholesin the heatsinkhada metrigchreadTo

solvethe problensomeoldimperiaBA screwsverecut
tolengthandthenre-threadet thecorrectnetrigchread
using a die.

2.4. Protecting the regulator

ThelL200regulatdnasfivelegs.There
areveryclosetogethemlongsideach

other.But they are also arrangedn

two rowsto makeconnectioeasier.

Youhaveto protecthelegsin somewayto preventhem

touching one another when you fix the regulator to the hea
sink.

Firstlywireswithsufficientapacityo carrythemaximum
loadtheregulatocanconductweresolderedo thelegs
of theregulatorThen to isolatethe tworowsof legs,a
pieceofinsulatintapewasfoldedntoa smalsquareand
insertecbetweerthe rows.Finally insulatindape was
carefullyvrappedroundhelegsto preventhe moving
from side to side.

AnotheconsideratioiththeL200regulatois thatpin3,
whichconnectdo the negativerail of the circuit,also
connectothefixingaboftheregulatoThismeanghat
theregulatowillconnecthe heatsink— andhencethe
wholanetataseoftheunit—tothenegativeail. Thiscan
bea problenif youaccidentallygrushthepositivéeadof
the powersupplypr the positivdeadfromthe regulator,
againsthecase.You'llgeta bigelectricadrc,andblow
the fuses in the line.

Youcangetinsulatingnountghatisolatethe regulator
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fromthe heatsinkwhilststillconductingeat— butthere
werenoneimmediatelvailablendsotheproblemvas
ignored,and effectivelydesignedout by using good
connectort connecthe powerinputandoutputof the
unit.

2.5. Mounting the circuit board

Theregulatofits underneatthe circuitboard.For this
reasonyou need somesort of stand-ofspacerto fit
arounahe fixingscrews- theseensurethatthe circuit
boardstandsclearof the regulatorchip. Spacersare
usuallysmallplastidubes. As nonewereavailablelcm
lengthof theexternainsulatiofromsomeheavy-gauge
mainscablewerecut usingwirestrippersLengthis not
criticabstheysquastupa littlewhenyouputthemunder
pressure.

Whenmountinghe circuiboardtheimportanthingis to

ensurethat the wiresto the regulatochip loop easily
aroundthe circuit board withoutputtingthem under
tensionlf youputthemundertensiorit mightbendthe

legs of the regulator, causing the legs to touch.

2.6. Assembling the front panel and screwing togeth

°

The next task is to assemble the front panel.

Toconnecthebatteryeadsa springconnectonormally

used for the loudspeaker connection on stereos, was used

Thisis a littletrickyas the rearconnectionmustpass
througtthe metalpanelwithoutouchingTheconnector
itselfhasto be boltedthrougtthefrontpanel(youcould
use self-tapping screws, but it's less secure).

Theothercomponenfsushthroughhe frontpanelfrom
thefrontorrear.Thepowepoweputputonnectjkethe
regulatowvillconnecthenegativeailofthepowesupply
tothefrontpaneunless/ouuseaninsulatingrasherdn
any case,therewaslittle pointinsulatinghe connector
because the regulator had not been insulated.

Thefuseholdeipushesn thefrontandthena plasticut
holdst frombehindFinallythe LEDindicatojustpushed
into place.To holdit firmlyyou haveto drilla holethe
exactsize of the LED - in this case 5mm.For extra
securityoucansuper-glutheL EDatthebackto prevent
it being pushed back through the panel.

Finallythe wireswereconnectetb the frontpanelfrom
thecircuiboardEnougtwirehadto beleftto ensurehat
the two partsof the unit— the frontpanelandthe heat
sink/circuiboard can

be manipulatedithout
puttingtensionon the

wires. The last

assembly stage
involvedittinghefront
panelto the heatsink

with four screws.

2.7. Tidying up and
calibration

After assemblinghe
nit you'll probably
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needto tidy up the wiresinside Thereis nota serious
safetyproblenwiththe unitbecauset mostit onlyuses
36voltsButproblemmayariseis anywiresconnectetb
the positiveof the batterysupplytouchthe case— they'll
arcor sparkForthisreasoryoushouldidythewiresup
toensurgheydon'ioopoutsideofthecase(ifyouusea
proper box for the unit you won't have this problem).

Nextyoutesttheunit.Forthisyou'lheeda multimetehat
cancheckroltagessurrentaindresistance@cheapmne
willdo — thesecanbe boughfor lessthan£10at DIY
stores). You need to do the following checks:

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

Check the resistance between the two terminals of thaormal. Set the multimeter to read voltage, and then
battery connector. A fault — probably cause by wires connect across the output of the unit (be careful not
touching the case, the legs of the regulator touching, bridge the output terminals with your meter probe or

a bad connection on the circuit board — will result in ayou'll blow the output fuse). You will now see the output
short circuit (no resistance). The resistance between tlatage of the unit. To adjust put a screwdriver into the
terminals should be a couple of kilo-Ohms. If there is 2’ preset and turn. You will see the voltage slowly
conductance at all then you've not connected somethaignge. Keep turning until you get the voltage you

inside.

require.

Put a fuse in the fuse holder — around 3 to 3.15 Amp&e unit is now ready to use.

will do, preferably an 'anti-surge' type.

Do the same check as above on the output connecto

f8_. In use

Provided these checks are OK, you can now conneffd0tedin the theoreticasection,the regulatorcan
12 to 24 volt battery — but make sure that it's fused Rigifuceany voltagebetweers volts,and around2.85

around a 5 Amp fuse. But first connect the red lead

\gitsbelovthebatteryoltageThemaximumioltagehat

the regulatoican handle
is 36 to 40 volts.

For examplethe voltage
of a 24 volt lead-acid
battery pack will vary
betweena maximunof
26.5to0 27 volts,and a
reasonableminimumof
21.5to 22 volts(youcan
dropbelowthis,butit will
diminishihe operatiofife
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of the batteryif doneregularlyjThereforaeyitha 24volt  differentconnectoto the batterypackto changethe
batteryyoucanproducenyvoltagdetwee voltsand  configuratidnomseriedo parallelandviceversarather
19 volts. than physically re-wiring the batteries.

The issueto consideris that the moreyou drop the
voltagethemoreheattheregulatowillhaveto dumpgnto
the heat sink — and wasted. Therefore you should minimise
the voltagedropby changindhe voltageof the battery
(seetablebelow)Theotherissueis the capacityf the
batteriesised Forexamplea laptopcomputeconsumes
around..5Amponaveragehutthismayriseto 2.0Amps
wherthelaptop'snternabatterys charging3atterieare
ratedn 'Amp-hour§Ah)- butthisis nota realistizalue.
Youonlywantto use 50%o0f a deep-cyclsealedead-
acidbattery'shargeptherwisgiouwilldamaget (and
only25%foranordinarnsLA) Sotheavailableapacitys
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 a
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 wiretogethebatterieso make
therequiredoltageButnearlyalwaysyou'lifindthatyou
needmoreflexibilitghanthat.Forthisreasorthe battery
packis wiredto a four-waypowerconnector the type
usedfor powerconnectionmsidea PC computerand
whichyoucanoftenpickup in the junkbinsof computer
shopsThematchinpalfofthepoweiconnectaranthen
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.

Themajorflexibilityf thisoptions thatyoucanconnect 3. Components for the Tech2 Regulator

theregulatoto the batterypackat onetime,or connect,  Thispagelooksat the componentequiredo buildthe
using a second power connectorwith the different  Tech2 regulator.

configuratiasfwiresa 12 voltappliancel hemostikely
candidatbeinganinvertetoconveri2voltsDCinto230
voltsACto simulatenaingpower Thislatteroptioruses
morepower,and so the fact you havetwo batteriesn

parallel doubles the power available.

If youwantto buy the componentsatherthansource
themfor junk, everythingan be obtainedrom Maplin
Electronic§orfurthedetailoftheircataloguerwhere
their shops are located, seé/Wwttpv.maplin.co.uk/

By usingconnectors thiswayyou canjustplugin a
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Circuit ref.

Component

Attributes

Source/cost

IC1

L200C regulator

L200 comes in various guise
each with a diffent code suff
The 'C' variant is a plastic
('Pentawatt’) case with five |
All variants work in a similar
way.

ixxome old equipment. Maplin sell single L200C\

egg. VAT). Other component suppliers sell the L
less, but with various minimum purchase levels|
order code, YY74R.

24\ ot likely to find as surplus, unless you rip thenp out of

regulators for £2.49, or £2.24 if you buy 5 or mgre (both

200 for
Maplin

R1

820R 0.25W metal filmStandard 820 Ohm resistor

resistor

Available new from Maplin for a penny each, on
recovered from old equipment. However, older
may have a lower tolerance, or be degraded, W
problem as the accuracy needs to be within a 4
percent. Maplin order code M820R.

Fesistors
hich is a
bW

R2

5K Ohm or 10K Ohm
preset/potentiometer

Standard cermet preset.

Similar values can be recovered from older ele

types rather then the simple three-quarter turn
you can adjust the output voltage with greater g
18 turn cermet presets available from Maplin fg
each. Order code WR48C (5K preset) or WR49
preset).

trical

equipment. However it's better to have the mulf-turn

ypes as
ccuracy.
r 79p

D (10K

R3

High power resistor

Value depends upon curren
limiting requirements — sugg

that you seriously consider nae the power rating. For most applications you

using R3 and instead use a
value fuse in FS1.

t Low value resistors are available from waste

lgwing to need resistors with a power rating of a
5W, but perhaps as high as 25W. Maplin have
restricted range of high power wire wound resiq
Other component suppliers, such as Farnell or
have a better selection but you will have to buy
minimum quantity. Expect to pay 10p to 50p de
on the power rating. If ordering from Maplin, 3V
and 10W resistors available, but the 10W rangd
only a few preferred values.

egjuipment, especially power supplies. The prolplem will

are
least
il
tors.

RS,

a certain
pending

, TW
has

R4

1k2 0.25W metal film
resistor

The actual value of this resistidiost LEDs have a forward voltage of 2.0V to 2

depends upon the rating of

DA current rating of 15mA to 30mA. However, re
R4 depends upon output voltage, which might
3V to 36V. 1200 Ohm (1k2) is a value that's fai
suitable across the popular voltages — 9V, 12V
and 24V. It should also suit most LED's current
Available new from Maplin for a penny each, on
recovered from old equipment. Tolerance is no
(10%). Maplin order code M1K2R.

2V, and
hting of
ary from
ly
18V,
rating.

critical

D1

Standard red or greer
LED

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

tddeDs can be recovered from most electrical eq
Unless they are made to work with higher voltal
(5V/12V) or they are contain flashing chips, mo
and 5mm round or square LEDs should be suit
New round 5mm LEDs can be bought from Ma

Lipment.
jes

5t 3mm
hble.

plin for

10p each. Order code WL27E (red) or WL28F (Igreen).
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Circuit ref.

Component

Attributes

Source/cost

C1

10uF 63V electrolytic
capacitor

Lower voltage ratings are ng
suitable since they should b
rated at at least twice the ba

electrolytics) or higher shou
OK. 50V will probably do if U
a 24V battery pack or less.

erecover one from old equipment. But you are m

voltage. 63V (standard value Ts where higher voltages are used. Maplin sg]

tLOUF is a very common value, so you might be
tterfind the 63V rated capacitors in power suppli

drddial version for 5p each, order code VH24B.
sing

C2

0.22uF (or 220nF) res
dipped ceramic
capacitor

stable DC power source

iGeramic or polyester capacit@22uF can be recovered from old equipment b
are OK for smoothing a prettynight have problems identifying them — some

manufacturers use part codes instead of capac

ceramics for 9p each, order code RA50E.

C3

0.1pF (or 100nF) resi
dipped ceramic
capacitor

stable DC power source

nCeramic or polyester capacit@4pF can be recovered from old equipment bu
are OK for smoothing a prettynight have problems identifying them — some

manufacturers use part codes instead of capac

ceramics for 9p each, order code RA49D.

C4

1000pF, 100V
electrolytic capacitor

100V rating chosen to prote
against the damage caused
reverse EMF created by

loads may approach 60V wh
the DC supply voltage is 20
higher. 63V capacitors woul
OK where low voltage or no
inductive loads are used.

Alternately you could just pu
blocking diode in the output
CN2, but this will burn off m
energy as it would drop ano
1V to 2V off the regulated

output. 1000uF has been

chosen as a reservoir capag
suitable for most application

a lot of heavy power surges
(e.g., audio amplifiers) it's n
enough, and you'll need to @
two or four times higher.

ctLOOOUF capacitors can be recovered from old g
inductive loads. Peak-to-pealorder code VH52G. If you want to go for the hig
voltages returning from inducliO8V capacitor, Maplin sell these for £1.49 eac
V or

d be
n_

But with equipment that creates

lsupplies and TV — but be sure to check the volt
rating. Maplin sell 1000pF 63V capacitors for 5

@ade VH53H.

ta
to
ore
ther

itor
S.

1S
—

CN1

Line connector

Any variety of power conneg
to suit your purpose, may be
used. As CNL1 connects to a
battery all types of wire may
used. For this reason a leve
connector, like that used for
loudspeaker connections, wi
allow the quick connection o
bare wires. Otherwise use a
standard battery connector,
terminal posts with screw-

‘tBgwer connectors can be recovered from many
> portable equipment. Often the problem you'll ha
finding a plug to fit the socket. Connectors that
Ibare wires are useful in this application as you
use any available wire to hook-up the power frg
battery pack. Maplin sell a wide range of conne
oBld never use a mains connector for this purpo
fyou risk someone plugging the mains supply in
regulator
or

able to

ore likely
s or old

| a 100V

Uit you

tance

values on components. Maplin sell 0.22uF resip-dipped

you

tance

values on components. Maplin sell 0.1uF resin{dipped

ower

hge
Dp each,

her
h, order

types of
ve is
accept
can then
m the
ctors.

Be as

0 your

fittings.
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Circuit ref.

Component

Attributes

Source/cost

CN2

Line connector

Any variety of power conneg
but unlike CN1, more care

should be taken to reduce th
risk of short-circuiting the oy

tdhe 2.5mm power sockets on most portable eq
would do for this application. However, a panel
enounting option would be better. It all depends
tpati can salvage from trash equipment. Otherw|
Maplin sell a variety of panel mounting power

connectors. But as noted above, never use any
mains power connector.

FS1

20mm fuseholder, wit
fuse

hPanel mounting fuseholder
chosen — you could use a ci

surge fuse was used in the
holder. 'Anti-surge' fuses wil
tolerate a current of slightly
than 2A for a fraction of a
second before blowing. Thig
useful when powering a lapt
as the disk drive produce
transient current drains. For
more sensitive equipment u
lower rated fuses nearer to t
current consumption of the
device. If the equipment is v
sensitive, use 'quickblow’ fu

20mm fuses can be found inside older equipmg

ralithew equipment uses them because switche
mounted or in-line fuseholdempower supplies are fairly stable. Likewise, whe
but you'd have to open-up thdéuses you'll be able to recover fuseholders. Maplin sell
enclosure to get at it. A 2A amganel mounting 20mm fuseholders for 99p eacly, order

code DA59P. Maplin also sell packs of 10 anti-
I'time delay') fuses, in a variety of power ratings
nidré’9 each, or packs of 10 quickblow fuses for
each.

s

op

se
he

ery
5eS.

Lipment

what
se,

type of

nt — not
mode
there's

surge (or
for
79p

Heat sink

TO220-style heat sink

Ideally you should look for a
heat sink that's rated 10°C/\
15°C/W to handle the heat |
easily

A heat sink can be any lump of aluminium, but
\Mitbas fins to increase the surface area. A sectid
patbminium window extrusion or box section, 10
and 3cm to 5¢cm wide, would qualify as a minim
sink. You can also recover some large heat sin
older power supplies, stereo amplifiers and TV{
stock a variety of heat sinks suitable for this pu

t helps if
n of

tm long
al heat
s from

. Maplin
pose.

Strip board

Case

Standard SRBP matri

board 0.1" matrix boartb get thrown away. Therefo

will do, provided that

'reinforce’ certain part

the copper strips to
increase current
capacity.

A metal case

xGood matrix board doesn't t

ygau'll have to buy it.
of

Metal cases are preferred o
plastic cases because they
radiate more heat. Another

of metal to form a squared '
shape and then screw or bo

4th side of your enclosure.

option would be to fold a she#fte components need not be squashed inside t
JAIso, unless you isolate the regulator from the heat sink,

this to your heat sink to form

elthplin stock various sizes of board. A piece twi
rbig as required for this project (order code JP44
79p. But it's probably more cost efficient to buy
largest board they have and cut it down for eac
you develop (cost around £4).

vémy type of metal box or other enclosure can b
The important thing is that it should protect the
components, whilst having enough space to en

tand some power connectors from the case, the
Heeconnected to the negative supply of the

battery/power supply. You must ensure that no
the positive supply has a chance to touch the ir
the enclosure. But if you want things plain and
Maplin sell a variety of metal enclosures suitab
application — for example their aluminium instry

ce as
A) cost
the

h project

b used.
nternal
sure that
he box.

box will

part of
side of
Simple,

e for this
ment 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

Lead Acid (SLA) batteries

designed to suit your need f
voltage and capacity — this i
discussed at length in the te
the 'theoretical' section. Sea

usually come in 6V or 12V ¢
and in a variety of capacities.(DC-SLAS). For a good quality, 12V, 12Ah SLA|

Most of the surplus SLA batteries you may obta
olikely to be near the end of their lives. This can
sproblems when putting two or three together be
xeéath has a different discharge characteristic. M
legw SLAs in a variety of capacity, and in low (g
and high (expensive) quality versions. Capacitig
efiesm 1Ah to 65Ah. They also sell 'deep cycle' S

to pay £35 each. A 12V, 17Ah deep discharge
costs £60.

Battery fuse

Automotive fuseholde

with blade fuse

rAutomotive fuses have the

and easy to obtain.

advantage that they're chea

pgarages and vehicle breakers. Fuses can be bqg
cheaply at markets and DIY stores. Maplin sell
fuseholder, rated at 30A, for £1.29 (order code
A variety of blade fuses from 3A to 5A are avalil
29p each.

Battery
connector

Connectors to suit yo

particular battery pac

UDifferent types of SLA have
different types of connector.

connectors. You'll need to g

your battery.

Some have push connectors
that crimp onto wires. Highe
capacity batteries have clan

the types of connector that s

The nature of these connectors is such that yol
unlikely to find usable connector in the trash. D
s stores, and even Argos, stock crimp connector
rare useful for wiring up battery packs — howevg
mearly always don't have enough of the type of
etonnector you require. Automotive spares deal
wtso sell crimp connectors and battery clamps.

connectors.

You can obtain old automotive fuseholders fronp

in are
create
cause
aplin sell
heap)

S vary

| As
expect
DC-SLA

ught

an inline
KK80B).
Able for

are
Y

Sets that

r you

ers will

Otherwise, Maplin sell a variety of crimp and clamp
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