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CHAPTER ONE 

i , 1 fNTRODUCHON 

Due to the constant and continuos load shedding of povver and the breakdo\vn of 

the pOV~"l-Jf station in Nigeria todal it became vHfy important and essential that 

virtua!!l ail crganiations using Um cornputer system and electronic oftlce 

equipments in general sr':ould acquire the use of UPS to mBet up the standard of 

there services to lhe society and most especraHy to protect this expensive 

eiectmnic Hquipment frern the continuos power outage \'\ib!e the equipment are in 

use. 

The haul disk of a computer system, v.;hich is one of the most expensivE 

cornpommt dev'elops bad sector due to this continues power outage and 

eventually crashes. This can lead to the los3 of 'dal inforrnation that can even be 

more than the computer system itself. 

The rm)st suitable solution to ihis entire problHm is the use Qf UPS to backup U1B 

source of pmver supply frorr: the public mains. 

The uninterruptibie pOV1er supply unit is basicaHy the transformation of a direct 

current !o an a1tHrnalin9 CUfTent v.;ith the automatic change of the source of power 

supply frorn the public mains to the baUery and '>.lice versa 

It is this abilHy to s"vitch from public rnains to battery fHJtoma!icaHy that 

differentiates a UPS frorn ordinary inverter system 

!\ UPS does not mquire warming up befoff1 i.ransfnission of power. It does not 

rEquire consistence sHrvidng and fueling lik.e petrol engine generators. F,naBy it is 

a silent source of pov~rer supply and it does not give up smok.e like exhaust of a 

petro! engine. 



transistor. It abo involved 3 controllable charqing unit Hwt proted and pmvent 

the battery frOfn over charging. A solar charging system is also incorporated in 

whon the UPS is subjecit:d to a remote environment 

Tt"le UPS incorporated vvith a solar charging um! can be used as source of pov.-er 

on sate!!ile and gener-alive repeaters puv'Ier supply for Telecommunications. 

-1.2 LITERATURE REVtEW 

The world first inverter 'Nas introduced in 1983 hy head interface that had been a 

!n '! 984 he introduced the use of MOSFET fur the rnain prW.'Bf output of inverter 

In the ear~y mrs the inverter circuit \vas then USf~ tu develop the UPS VI/Mien is 

tfvL-PI tl'li-~ fl~"J<;i v<;..;,o;....:~~ _.f ,..., ")" , •• S, useful and economical ,nverter circuit design for today's 

1.3 PROJECT A~M AND OBJECTIVE 

The n:ain !argf~t of Ihis prujf:':ct desi~Jr: m to achieve an output power of f500VA, 

V'i'hich is at ISBSl more than the PO\VB, required for a fun muHimedia computer 

energy end public f'l':ams 1.0 n::stof<.':.' the potential energy of the baHery after use. 



CHAPTER TWO 

2,1 SYSTEM DESfGN AND MODE OF OPERA T~ON 

This chapter ShOV,iS the actual bn::~akdQv,'fl of iht~ entire circuH into modules and the 

genera! mode of operaton of the enhe modu!es It 'vvi!1 also show the ac~uai circuit 

of the modules, the mode of operation of each rnodule, and how the modules am 

interconnected to fonn B complete system. 

22 THE GENERA,L MODE OF OPERA, TtON OF THE ENTIRE CmCUIT OES£GN 

The uninterrupted p(y· .. ver supply is of different design. The df~sign here is a simple 

transistorized design Analog astable muHivibrator is used to generate HIe pulsa 

si9nal at 50Hz 

The pulse signa! is used to drive pm-vel' BJT transistors connO(1ed in paralle! and 

of push·pun configuration for the purpose of larqe pov/ef amplification to drive the 

step up center tap transformer 

The hvo relays HU and FL2 used in this design is powered by a different 

transformer directly connected to the public mains. 

The design of the UPS is off line, such that '0lH~n Irv3 public mains is OFF, the 

pUbiic tT~ains horn the {)ufput of the UPS during this process the battery had 

already taken over the source of pO'.'\ler sUPPly. 

'v\lhen the 00V,.'.3 from the mains is ON, Hw feiav (Rl1) V~1!! disconnect the battery '. ... , 

from t.he astabie mulUvibr8tO! and {HL2) yvi\j connec's the rnains to the output 

cont;nu:!y. ThH same step·up !ransforrner for the inverter wi!! be used as a step 

dcrtln \·vhen the public mains is connected to sHcondary \-\~ndjng. The output at the 

primary \~tinding 'lv-hich is the input due to 



r'"' '} ~ ",,' 't d' , • h ~. b r!9 .~~. i.", .,' .. ' ... CIfeLli !agrarn 0, asta\..Ae fTU.hk'.i'1 rater 

2.4 MODE OF OPERAT!ON 

If Q1 is in saturatiDn the voltage drop aCfOSS HU is vee, so c.qpacitor C1 wiB stmi 

charging through the R2. This charging process 'hiH 10rvvard bias 02 so seWng it to 

cut OFF and the voltage at RL2 'wW be zero. 

The voltage across R2 at the beginning of the process is vee and it wlll continue 

reversod bias 02 and then drive 02 to saturaliofl. 

VVhen Q2 is saturated ttm potBn!.ia! at pOint 8 is vee and capacitor CZ wH! start 

charging through H1 The potentia! head of R 1 at the beginning of the charging of 

C2 is vee, \yt1ich wd! set Q'1 OFF by forward b!as:ng 01. C1 wiB .start discharging 

at that point. 

The voltage aCfOSS R2 vAil conHnue to drop unW d is below {Vee-o. 7V) 8S you can 

see in figure 2.2 above. 



THE ~NVERTfNG C!RCUIT 
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Thf3 H1veriinp circuit is the most important pad of a UPS because it does the 

actual tr8nsfmrna1ron from the DC to /\C 

It involve an 3stable muHiv;h:'~fa!{)f" qeneratin9 the pulse siqnal that is been use to 

transformer to 

220V AC at the output 

The hnal 220VAC \,;(as pass throuOh a filter for the pulse wave: output power 

slope! to be sharp<::med to it sinusoidal equivaient 
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h , .. S8CDndfW/ \vindlng current 

!p -- prirnary \vinding current 

Np :::: prir-nary nun,bers of turns 

Ns ... secondary numbt:rs of lurns 

B1 ... 7S (current ga:n of 01} 

S2 - 100 (current gain of 02} 

The targE";t pO'>Ner output of tht-: UPS is 600\1/\ at 220\1 considering an ideal 

tmnsfornK'f 

!s 600 
220 

The turns ratio ur the transfonner. Np: Ns -::: 1 18 

IpNp 

!p N~*:; ~". 
No 

le2 ... AOf\ 

lb2 :::. 1~;1 _. 40 
.--.: .... ~ 

B2 'lOG 

!b 049 

H 1 :::: :{c(~:::,· . .Q:.~·L::::: 1 ~L::.!;U2 :::::j 75f<uhrn';,-; 
tt11 (). C;fJ6~) 

049A 490mA 

O.0065A 6.5mA 

The 'larue of the feed bach capacitor that i~3 ,'squired to generate output signal at 

bOHZ lS 

F 

Since FV and C1 C2 
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F 

( ){1.0 (') v: R, 1C"'1 '} 
....... 'N ~ .1' •• /"'. :. , " 

F 50HZ 

C1 :::: 

828 rnicrofamd 

Because of the in avadabinty uf all the values of component h the market The 

values calCulated abovt:: can be repim:ed by the closest available values of the 

CClmponent that witL arHJ then produce the required povver output The nearest 

preferred value of C: 1 .-::. 1\) microfarad and R 1 :::.: 1, bKohrn's 

1 

50Hz 

, 
fg') 5 ....... The DC to AC inver'\er circuit of the un,ntenuphbie power supply 



2.1 THE iNVERTER STEP UP TRANSFORMER 
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T!le inverter step up trsnsforrner is rated iOOOVA in other to withstand the 600VA 

pUNe!' transformation 'NHh rnirm-num loses. The primary winding '-tIlth respect of 

the secondary vJinding is in the ratio of1 .~ e 

The prirn8fY 'Nlnding is a cent.er·,tapped configuration in other tD enhance the 

push-pull function of thf.~ in'leding pmver transistor. 

2J1 THE SYNCHRONOUS RELAY SVVnCmNG SYSTEM 

r······""·············~···: 

r ...... ·~1: RL! I,. To <'ls\ab!e 
!! i rnuitiviberebf 
1 L ..... ~ ............. _._ ..... _.~~ ... J. 

i,~,:'~·· .. ·50·0M~<!12~v;····'~1: !,: 

Step··jo',-.\,i:"1 
1 Tr2nSlcrrr\er r~'''''''''''''''l 
Iii r ..................... "." 
l ........ ~ ......... ~ .......... _ ....... .l III 

: ~ ~ 
: ... ~ ... '!' j:'l i i '.,- i .. · .. ~ 

:....... .••... ___ ............. .J 

To po'wet inverting 
transformer 

Fig27 Block diagram of the UPS relay sv\fdching system 
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The synchronous 3vvHching system enable the same transformer used as a step 

up during the inverting mode to be used as a step dO'M1 to charge the bettery, 

A SOOmA '12\1 transforrner is pennanently connected to the mains and the output 

is feed into a bridge rectifier before po\cvering the hvo relays RU and RL2 for 

changing of state. 

Rl'1 connects the battery normaEy to the astable muHivibrator 'When there is no 

source from the public mains but disconnects v..nen the mains is ON. 

Rl2 also is not connecting the mains 10 the output of the inverting POW€f 

transformer bul connects v.;hen the rn81ns is ON. 

This operation takes piace synchronously \¥lthout delay or interference of 

operation v~~thln a fraction of 8 second, vvhich makes the changes !lot noticeable to 

electronic equipment connected to \t 

from 
!) \' DC 
lLlucn' 

........ --"' .. ~---.. -----.. -"'~~.~.7.l 
r-~..,. .... .! 
"'l~--""'~ 
~-(. 

To 2,sl<1ble 
muHiviber a!or 

To P0\~( inverting 
transformer output 

Fig. 2.8 ,.".". The interna! circuitry of the UPS n::dBY svvHching system 



2.9 THE CONTROLLABLE CHARGER SYSTEM 

h~,~i% 

220V/\(' 

Fig. 2..9 Block diagram of the controHable dwrqw:g system 

One very' interesting pari of the controllable ch8f9ing section of the UPS is that 

the same po\.ver tmnsfofn'1er used for step··up in the ,inverting rnnde is used to 

The output is converted to DC after passinq it UlfOugh the rectfier circuit and a 

io'N pass filter and the output is ~ 5VDC 

The DC output is then used to chmqe the battery by connecting It through the 

charging current from flowing !nta the battery \vhenever the battery is fully 

the ranp8 of DC supply frorn the t!'ar,sbrrner The circuit protects the life span of 

l.1O THE CONTROLLABLE CHARGER MODE OF OPERATJON 

The controllable charqer is a very speciL~! contra! unit system for regulating the 

rate of charging a baUery. 

IJ 



The sensitive componerlt that is responslb!e to the ditection of baHery' voltage level 

is the zener diOdf1, vYhich is connected across a variable resistor VH i 'Nhich is 

specia!!y used to se!ect the maximum charging voltage of the battery before 

trippIng OFF, 

ThE3 VRl is connected tn the battery terminal t!"lrou9h Rl acting as a cllnent limiter 

to protect the zener diode frorH the !arne current fmrn the battery 

The zener diode is connected in a revt:rs(::d bias polarity SJJch that ,.vnen the 

voltage of the battery charging up to the required >".'oltage that correspond to the 

zener diode through the potenta! divider. Thsn the diode vAl! then break dO'M1 

aHov~~ng current to flcNJ Gut of the base of Q·1. Q'l vAH be saturated and the output 

collector current of Q 1 v¥il! flow into the base of 02 setting it OFF. The output Q2 

\NH! be grounded because current is not f!ovling and will set the PO'WBf ~,(10SFET 

connected h series 'Nitil the 15V DC source to S\Vitctl OFr the charging circuit 

The moment the battery voltage level drops below the settlng ON of the variable 

by R~1 connected to Q? in reverse bias, this biasing process drives 02 to 

saturation and current flows through 02 to fin;) the g8te of the MOSFET \vi!l then 

close the circuit and the charging process 'NiH continues The resist.or R5 

connecting the qatB fA the MOSFE T to t.he neqative term[na! of t.he source 

discharGes the oatH vAmp there is no enable input The H3 is connected to the 
...... .... 

LED actinG as a current Hmiter to the diode int"jicato( as ',IOU C;3n see in fig.)J(e 2.10 
~, J 
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'2 N THE DETEHM1NATIONOF THE CHARGING CURRENT 

Source .......... ___ 12\/ 
'·T·· 8attens 

T~____J 
Fig. 2!! The charqing cIrcuit 

The rnjnirnurn charging current is achieved vA:en the bsttery is at i 2V just before 

the controllable c.hmger trips OFF. 

!qrrdn 



But vA1en the battery runs dov"'n about 1 OV 

;;; 9l8A 

The large value of the charging current enables the battery to charge fast vJ1He the 

controllable charger autornaticaHy switch the Clf{;Uit OFF vvhen Um battery normal 

voltage leve! is acquired. 

2,12 THE SA TTERY VOL rAGE LEVEL INDlCATOR. 

This circuit will enable you to monitor the voltage level of the baUery 'lhhen the 

UPS is ON iine. It also enables you to adjust the controllable charger circuit setting 

su(:h that you don't over charge the baUery. 

The circuit involves three light mnitUng diodo indicators each connected in senes 

"lAth a revered bias polarity zener diodes of voltage ratings. iOV, 'liV and 12V 

respectively 100ohm's resistor \"188 connected In series with each of the zener 

diock:! ading as current limiter. 

The zener diode breaks dO'NIl when ever the ba1tery vo!tage is Just above the 

zener diode rating, a!io'Ning current to flmv to enable the light emitting diode to 

corne ON. 

ThiS is a .special s;mplB circuit design, v."i-lich is an alternative to mulUmeter to 

monitor the behaviQur of the baUery as you can see in figure 2.12 below. 



l~<"'"'«~-; 

> l 
P.-~ ;: .? ! --::- 1 :)C\"2 

;' 

Fig2. i 2 The ci;"cuit diagram Qf lhfl battery voHag8 level indicator 



The pO'Nef transistor mounted on heat sink was \ath~r doubled by the addit\on of 

bN'O pmver transistors cormectE}d in pafaBe! along '0/ith the one already in the 

circuit. The pmver output improved and losses due to heal also minimized, 

A controOable charGe drcull 'Nas also introduced 10 the circuit to control the 

batten! ralE} of charGino 
I - v 

The heating up and forming of the battery electrolyte stopped and the battery 

started charging at the normai voltage level The heating up of the t.ED voltage 

level indicatm also stoppf:d after the introduction of the current limiting resiston'), 

3, >1 F1NAL CONSTRUCTION 

The entire circuit '/¥'as later transferred to a large Vera board after the 

modific a lions The final cOlnponent ccmnechon vms first sketcned on paper to 

Vle'N the appearancE} of the component on Vmo board for compatibility and 

sirnphcity In other not make rnist8kf~S during the transfer of the circuit on Vew 

Step by step soldering \Na3 d(lnc~ foHo'Ning thn sketch on paper ~md special care 

\V8S taken to prevent shot circuit and ' .. Kong po18r\ty of the various SOldered on 

lhe Vern bomd 

The soldered circwt on \/ero board v.;as lat~.'!f 1t::stedwith 8 multirneter to ensure 

that there VJas no shut c.\rcuit and all th'J conductor current vvas properly' 

terminated r in8ny the soldered circuH board V'-/:JS later transferred to the '<"loading 

box (casmq) alonG 'NHh the battery and hansforrner. The ,,>loo-ding was pertmsted 

at the top to aid ventilation for the heat 
disslDated tw the 00\Vef transistors on 

, ' t' 
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CHAPTER FOUR 

CONCLUS\ON AND RECOMMENDATION 

<t 1 CONCLUS\ONS 
Th8 design and constructiOn of tl1\s UPS incorporated with a solar charging unit is 

\M cheapest and the most ec.ono rni cat to protection and maintenance "lour 

computer systenl and ames equipment 

TM cost of prooucbon is abOut N5000, W\11C\o is far cheaper than APC B50AV, 

whicl1 is currently soid in the market at the rate of 1>115, 000 to 1>120, (JOO of an 

equivalenl power-rating generator, ",illCI1 is sold al the rate of N 30,000 or more 

This design can successfuiiy po,,"" a computer system tOf about 20 to 30 minute 

which is quit enough lime to quickly 'roundup" and save ail p"w
iOUS 

programs on 

the computer and to shut dov'" properly without lose of data on the sensitive 

For lutum improvement the UPS should be proouced ",ith large battery voltage 

source \0 reduced Ihe turn ratio 01 the step up transformer because the \0"'8r the 

turn ratio the higher the effrc!enGY and the lower the input cuffed and cupper loSS 

in !i,e transformer Anoth'" means of ccnSOlyal1ofl of energy In the UPS design is 

the incorporation of automatic, power regulator (APR). This is a Way of controlling 

the number of power transistor ,n the inverting circuit that will be activated with 

respect to the magnitude of the load connected at the output 

21 



UST OF COMPONENTS AND PRiCES 

r'C6MP"6TfENi;'~~""~~""'-~~""'~"""~"""'~'······~·····~··'·~I··tff~/~'···'~'····'~'·l·f)RICESN'~'·l·'C()Sf'N···l 

i····~····,~~··-···~····-·~,····-,···-,······-·······~,··-·-~,.·····,-~··-,~.····-~···-,-t······~,·····-,··· .. - ... -~ ... I.-~.- .... ~., ... ~ ... I·~'···-~'··~····1· 
! Wooding case ! 1 i 200 ! 200 , 
; ... ~~ ...... ~ ....... ~ ...... -~., .... ~ .... ~, .... : .......... -~ ......... ~ ....... ,., ...... ~ ....... ~ ..... --.~ .. ; .. ~ ........... ~ ....... ~ ...... ,~, .... .i~., .. ~ .... ~, .... - ..... +, ..... -... - .... -i ! 2N317i Power transistor (NPN) ! 8 1100 J' 800 . 
l'-~"""~.'"''''~.''''''--'-''''''~'.''''-~''''''''~'''''··-.. ······~·····-.. -······~ .. ·······"·····-··i··-~······ .......... -.. -.... --........ .:.... .... ~.~ .... ~-.. - .. ·~ .. ~ .... --·I 
i Tip 32. Pov\,'0r tran.sistor (PNP) 1 2 i 35 i 70 : 

1~5~O~~l<s~e~i~===~~===I~===~=_==Jt'_1~~=-1 I 1 {) MK;mfarad capacitor ; 2. : 10 : 20 ! 
: .... ~- ....... ~ ...... ~ ........ ~ ................ --...... ~~ .... -~ ......... ~ ...... -~ ....... ~ ...... -, .... ~l .... ·~ ...... ·· ........ - .... ·~-.. J-· .. ·· .. - .. ·--.... -· .... t~·- .. __ ._ ..... --i 
1 !RFz 46 povfer MOSFET II I' 120 '1' 120 ! 
i- .. :·--.. ·····-··;·····~-··· .. -~····· .... -- .. ···~·······--·· ....... ,-- ...... -- ..... ---....... ~- ..... - .... j .. --..... --..... -.··--.. ·--.· .... ·-.. ·--.... ·~· .. ··-.· .. --··-, .. ·~ .. i 

I~~;;'~:nsistor···----<·····-·····-··-~··~:,·····---h~- ... -.. +~:~- .. ~ 
L~, ...... -........ -~~ ...... --...... -......... ~ ......... ~ ......... ~ ................... ~ ....... -.. , ..... --..... ~.L .... -...... ·~ ...... --~· ...... ·~· .... ·I· ~ .. · .. ~···-'· .. ·~ .... t· .... ~ ... -, ... -; 
; r-:V"'·Ar" 'r"'d : ~ 10 10' l' 1 'J ;:...~.1t;;r t.h.,,, ell : . ! 

r~D_~~============~~==l~====:==J~~-==:==er~_J 1 200 ohm's resistor i 8 I 5 140, 

t~~~;~<~i~~st~===~~===·J;====l~-:==~~=j 
i 10k ohms resIstor I I ; t'I ! t'I I 
l ' 1 . , , ........... ~ .............. --, ............... ~ ....... ~ ...... --....... ~ ....... ~ ...... -......... ''' ...... ~ .... +~ ...... - ..... ~ ...... - ..... ~ .. · .. ·~ .. -·····-··-~··l .. ·-·· .. ~···~,··~· 
1 i 2'11 relay ! 2 I 50 ' 100 ! 
,~ ....... -; ..... ~ ...... ~~ ... : .. ~ ..... - ...... ~ ........ " ...... ~ ....... -.......... ~ ....... ~ ...... - .... ! . ..-- ...... ~ ...... ,~ ..... ~ ....... ~! ... --.. --.... -.-, .. --,-I-.-, ... -· .. ~"·i ! 1 M!crofarad 300V capacitor i '1 I 50 ' 60 ; 
l--.. , .... ·~··· .. ··-······· .. · .. ,····--.. ······ .. -,~·····~~········ .. ·····--·,······· .. ········-.. ······ .. ······-· .. ·I··~ .. ····~,·····-,······ .. ······ .... t .... ·~~,,-.. ,··---.... -l ... - ..... - ... ·~, .. l 11 KVI\ pmver transfonner ! 1 11000 11000 I 
~, .... - ...... - .... --....... - ....... -, ...... - ...... '~ ........ ~ ........ , ......... , ..... ---...... --.. ' .... ···y ...... ~ .... ···~"· .. ··-- .... ·-.. ·!-.. - .. ·~~ .... -' .. -f' .... _ .... _ .... ......., 
l12v\500m,l\ transformer ! 1 1 100 i 100 I 
(~' .... ~ ....... - ...... - ...... '~ ..... ~' ...... -~ .............. - ...... -........ ~ ....... -, .... ~· .. t· .. · ...... ·-, .... ~ .... ~ ...... ~ ..... ·~ .. -,···-,··-···l· .. ~····~ .... _ .... .., 
; 1 N40GiPovmr diode I5 i 10 ' '·50 ! 
l .. ~ ..... - ....... ~., ...... ~ ........ ~ ....... , ........ - ..... ~ ... ·····--······· .. ·······-········~·····---,·l··· .. ······-·······-...... ··-'·· .. ·T' .. ·---·~,,·-,,··_J.·~· .. ~····-··1 I i N4004 Power diode ~ 2 : 20 i 40 : 
,..., •..• --....• - ...... --...... --- .....• - ......... ~ .. , .... - ....... N·.· ...... ···.· ...... ···· .. -···.· .. - ... · •• -.·l··· .. ·~ .. ······, .. ······ .... ,·····--~ .. ····i .... ····-· .. -~ .... - .. ·4 .. ···-'· ..... _ .... _.} 
I 2200 Mlcrofarad\50V capacHor \1 : 50 \ 50 1 
~ .... ~~~ ..... ~, ...... ~ ........ -, ... - .... -........ -........ -.............. ~ ...... ............. ,~ ...... ~,.~ .. -........ ~ ........ , ......... -........ l. .... -,.-, .... -.····-·t .. ·-····~···--··· .. .< 
1 5A bridge rectifier 1 1 I 40 , 40 I 
l ..... ~ ..... ~ ....... _ .......................... ~ ...... ~ ................ _ ..... ~., ............... ~ ........ _ .... ;.. ............................ - ......... ~ ... : .. -:-, ... -, ... - .... - ... L, .... -,--.... ~"j' 
I 10K ohm's variable resistor ! '1 i 20 I' 20 . 
l "1 r-' ..... - ...... ; ....... ; ... ' ....... ' .. : .... ~ ...... ~ ........ -......... ~ ....... , ......... ~ ......... ~ ................ ·-.... ·l···;~····· .... ·······~·······'······· .. ·~+····-· .. ·-· .... ----··· .. ·-,,·:·-,····-·· .. ·-.. ·.-1 
liDO on?ns resIstor i .> 15 I i5 i 
1-- ...... ~ ........ ~ ........ -............................ ~ ...... - .............. - ................ -........ ~ ...... ~ .. ! .... ~ ....... - ......... , ........... , ...... } ....... - .... -, ... - .... -~.;..·-,,·---...... -···i 
1 Zener '~0\f\11V\12V 1 3 ! '10 { 30·· I 
: .. - ..... ,~ ......... , .............. -............... -~ ....... ~ ...... - ...... -.......................... - ...... l ...... · .. ' ...... · ........ ~· ...... ~· .... : .. - .... -:" .... --' .. ·-· ..... l, ... _ .. _, .. __ ~,. lev battery· ! 2 1800 11600 I 
, ......... -, ..... ~ ................ ~ ........................................ - ................ -· ...... ·~ ...... ·· .... · .. ·-- .. l.. ........... · .. · ...... ·~· ...... - ...... · .. r .... -· .... - .... ·.-, .... -, ..... -..... --.. ~ .... ...., 
1 Plug and socket 12 i 50 ! 100 t 
i·····~ .. ······-········,····· .. · .. ,·····-······~······ .. · ..... -~ ............ , ..... - ................ -~ ........ ~ ....... ! ............................................. ! .. ~ ...... --.~ .. · .. ~ .. ···.....< .. ····~' .... - .... -··l 
, Bai t t":-I"1 "I:"'" 0 ' '! : 1 (} I 20 \ 
; ,'N J :~;l.Jw 1 i:.. I \ .. l 
L ..... _ ...... _ ........ _ .......... , ..... _, ........................ ~ ....... -................. ~ ...... -~ ...... -.................................................... -.--' ... '~': ... ~ ..... ---....... + .... ~ ..... -.".-' .. . I TOTAL ! \ TOTAL i 4680 I 
........ -" ..... .,. ...................... ~"""" -~ ........ -. ~"""""" ---.. .................. ~.' ....................... ~'.""" '.~'.""" ~.""" .............. } ... '" ..... ~ ......... ", ..... '.~.'.""" ... .,. ... , .. ~ ......... -................ _ ............ -~~ ................... ~ ............. -................................. . 
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