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exportise wilh the ability For fnsovatien is often
pequired to- nestore broken down equipsicnl back
it producian within 3 seasonable time

Very olben Bn atiempt 1o obtain sparc paers o repair
the wmachines, prove Butile far sevem) feasans e
vailability of the pasts of 1hat 1he machines 2t
s mone 0 production. However, if 1he spane parts
pouid beoobtained, 0 then jums oul B bk b
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GENERAL DESCRIFTION

The WEE Chucklan Mack 4 Builes ol A
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e dual combnal {iens @i,
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furnace {iteen 10) receives radiant beat [rem the
Mame and the tal gases from the Dame give up
heat o the fubes bn the second pass (tem §1h as
they travel to the front chember  (item 1) Gases
turn in the front chamber and give up more hear lo
the tubes an The thint pass (Mem 120 & By tmavel
i the resr chamber {itcm 347, The gazes [eave the
bailer by ibe chimney {ilem 8) 21 the top of the rras
chamber,

As flee sieam predsure oses, the pressure in ke
boiler iz shown by ihe pressure gamge [Hem )
When the pressure i sallicienily high e main
stop valve (ilem 5 can be opencd o allow sieam e
pass 1o fhe process of heating system. When sleam
heavies Mbe bailer the water bevel drops antil §
reaches & pmnl (1 2nm) below mormaal bewvel. The
Dunl Comrol will slan the feed pump s nioer
weatey will e fed into the hailer.

As it steam paessure falls the contralling pressuam
siari [iserm 16) catdes the bumcr fo opcruke
an the high fire, 17 the pressuee rves the contralling
peessuce slant will cawse the bumce bo opeste on
low fire. When the haotles pressure . meaches o
maximwm of 9.5 bar reqoired, the it precswng
stagd {ibenn B T) vkl stap the bareer W e badler
putsstre fall4 o @ preael point e,  ba, e bimdl

dragram of
Corksan Wap Chigfiaia Sivam

pressore. start will camse the buneer toostar agein,
Should 1the limid pressurs slan fail 1o stap thr
bumer, the zalely valve (lem 4] will lift and excess
pressure will escape, thus proventing amy further
mae im boiler pressire.

I For any reasen water B notsupplied to dhe boiler
apd the waicr fowel falls o a poind aboul S0mm
{2 belos normal level the Dual Contrel will stog
the burner and ring &0 alamn bell. Provided the
winles level baooesposed quickly the alarm will stop
snd flee bumer will stanl automadically. Tf the waber
lewel continues 8o fall wptil i1 reaches a paint abou!
Tomm (37 below level Vhe over nidig  conkns
{ibem T will ring the bell and casse the burner in
“heckout®, The tmeer-will mot start again unbil the
walcr bevel has been restoged and resed switch has
been operaredd. 1T Bis fourd mecessany o Jol waler
aut of the boaler, this cam he dope by opening the
blpaalepwn valve af the back of the boiter

THE BURNEHR TIMEH SEQUENCE

The hear of the bumer cautal syaiem is aose-
quemr et und. This was an LAC 105 sequemce
timer; 4 plug-in camdelecinonic timer and (ame
dedecinr device. Is aperation may be divided isio
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it fodlowing perbomds:-

i) 8 bumer purge penod
it & Mame established perod
i & flame detection and alarm periad

The: firing sequence can commcies oy after the
waler bevel [Moal :.v.-ilehirrg close thoir coaiacis ki
ok up eclays B6 aid BT shown an Fige 20 Tha
makes supply wollage swvailabie 4 dhe scquence
slard swilch. [tl

Llpom sianling, the sequoncsr giarls 1he barser air
suply i galy, aind nis b s appogesalely 25
secomds 1o purge the systert of soy cxplosive
airTacl mixleres. The SEUCHCT [W0s CIVERS b
NMame cstablisbainoul period,  This i5 a tolal af 25
sovcads, The iguition trnsformer is lumed vn aml
them 8 second: liter the msin ol valee g nl'u;'lhrd 1]
allow abmigeed fwcl inke 1he steam.  Enothe owent
thiat i burser o5 et [red ol that the Dlams &
pruperly established, the Eone deteetor, imugl o
o cell, switches off the system aml leeks o ol
alier 15 secands, and the systein has 1o be maneal:
Iy rescl. 00 dhe fame & propody esiablished s
sumbroller lowks in fr g stemdy iommal apseiie
The barper scguence timdng s shoven o bl |

checked and replaced. It therefore beeame peces-
sary 1o provide another sofutien to erable stalled

production o take off,

1t was decided that the pew sequence timer should
hawe 1he follawing specifications:-

i B should copy the onginal Liming
spgquence, byt add a second automatic re-
stard helore bock-oul in the event of flanse

Tzilare.

ii: Thene shawld be e exli far operator mtee-
wontion

il I shenld have identical lepainals b (be
SE(ROnCer- il 1% foplaciig,

1, Locally sourced parts <huuld be ussd

. Il shoulidl be cassly monstzied,  Ths

should fnclude o Considemtion al available
mabnirisnce skitls

v B shisald be simgibe iz conslructiog b
wlbew pooess. nr diapmosis when Gy,

Table 1. Sequencer Timing Table
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The pvbrlears warly i Gaully sguaiced was o
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pt;mni these seguenier uniks weme nol andeedded b
be repaired when Taulvy, Replaoe el wnits avail.
ahle wire bovwover miv rl-ill.r:ilklllir.'d'l. aeml & gaivs-
s drawinng had s be wied. However 1be probsleen
peraianed, even sfior e phato cobl was tharmighly
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T Wellwimgs mec She moan features af The mos
SR T

] i e wverall eyele Iirinr'r and Bt -oail
divicy

Tl i the. purge lineer
o is e ppmiesTlame establishioen tmer

T i & Mame fadure vmes and ignition cyole
rosel B

FH i (e detoctar relay used 2 the luck-
in dewice,

Tabde 2 shows the timng diagram [or the new
sequencer, Also shown in fig 4 are key relays such
#% ihe burmer moier staner BME, Name i acliy
FF, ignition relay 1GN, main ol valve miay MOV,
foch rale relay B3 and abe high or low ol vabo
ML, The shaded arcas an Talle 2 dndicate when
g device jon,  Fower sapply b Ahe suquenoee
throagh lerminal | encures that the firing pooces
et b staricd unless the b water level switch

i Cloed. Agarn the st ais prossure sealch PS ot
o closcd, irmbicating that the slcam preasiie is
hobow s fugh Hmal Bedore the finng sequence
fiwer T1 con b wwergisnd. The stqueoce. Demer
aree siated aid depending on time selling a5
showin 1 Table 2 is capable of completing 1wo
Hr':ng I."'}‘-I:I.ﬁ. Failure of 1kt fianse e be established
hy the oo of the second eyele leads ko stoppage of
1k sequenoe and lock owl of the sequencer by she
fimer TH, The proccdune can only be nes-slaned
anally alier TO fEnaes oul

Futher, in onder do extond the Gl ol the - fring
electrsdes amd e ignition trarsfonnes, the i
T2 ensures o definide ipsition fine,  Whens the
flame lias boon establisked, 1his circuit is disabled
pw o parmally closed contact of the Mame delcctig
relay PH. The layout of the mew soquencers aml 11
iinlegratian b ke comimal pancl G chawi i Fap 3

THE FLAME BETECTOR

This m a sinple Imnsisior swilching devies walh a
DPET reiay 5 boad, designed and comtrucied s
site,  The desipned parimciers arc a5 shown i
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Fig.t. Albough this it a well known cicuit 1o
electmie devite desipnems, the componenl values
shiswn are those padiculagly dcienddined Tos the
light depeaent resisor LOR, typs JRE-} up the
hmer, Abibost any  grecral puipese swiching
teaisistor may be used [A]. From the manafzclurers
dats e burner Name produdes 5 mimimarm iluemi-
pation level of 25 lox, However the scesilivily of
ihe deteictar can b varied by use of the vasiabse
tesislurs, (0 deive The Trarsislor i salarstiag and
Thais erswre 35 elfoiaive switchang 10 pick 1o ek
PH. This provedes the Jock-ih eostict in thi bahes
seuencer. The emlire Cirvitit s visisiecicd an
veer-hagrd s ipstslied in the coptml panch

THE HGRITION SYSTEM

The ignitivn period procecds when winer T2 nimes
aw amd closcs #is mormally spen cemadl, - This
sl abeignation peeid gser T2 B supply paosar
e g tEEasfonner.  This i fonner
prroduces ai 5.0 vidlage Beiscen -1 2k which is
appicd 1 the ring electiodes; b agnite the alom-
weed ainued winare [4). The cxperience of the
aulbivrs cleewhere is that, ihis wnik i g soures ol
duantisne Tor many elechically fired boilers, The
problenis wsially aggrvated by Ihe no-avarlabili-
1y of replacemend spares and the imposaibitity of
rewinding foulty units. Ina very difficult siluation
the ignition sysiem may be casily replaced, at beast
iemponarily, by the circuit showa in Fig. 7, i
which componers wsed are of b -<hell isoms [3].

R

The disty eyele of this cinouitin. [ = o

The chasging e = 0685 R1C et
Thie discharging time = (L6453 RO sec.
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Ouitpwt frequeney f = ﬁ}ﬂm

The deaign vakues Tor Ri, B2 amd © were calcu-
fadedd Ris g_[w ] ip.ril.inu ﬁring e of ab=m [{H)
sparks per second.  This cormespontls 10 a0 cigise
spocd of 3000 rpin in a4 eylinder, 4-slrake aulo-
mobdle spark engine. Hence the ignitian ol s
required gnly o opermte within its useal muge inan
aulamobile, The compodcal values caleulated yaekl
cail charging and discharging tmes of 45% and
S5% wespectively of 8 complele period. This
provides sulficient time [or the coil B rhllg«l:' up
fully before discharging. The 555 tuming iC =
oonsected a5 an sstable  mulli-vibrastor which
1n:|p:lh:r widh the .-.'w.il:nl'lirl;g_ Imamsisior simulales (b
e haviour of the automsobile cogies amd (05 disinbu-
1o, 4

This circuil can be gquickly assembled on perl-boxrd
ar o pramted cipcail baaad., The Mampong Projoct
did ot feguine this altersative igmition system, bal
il was -avatlable on the eventuality that E was
neediod .

CUONCLUSEONS

The boiler was put back inta tcchmical operation o6
August Xhh, 1991, amd shut dowan afier 7 mombs
for ollAcason maincranee in Mach 1992 Steam
WEs rﬂﬂurn]. &t the rate of abuet 1130 kgdhral %5
bar for 154 days, working 105 ours per day. The
cyehic opofalicn ol e boiber requined on ke
aworage shout 2 finngs per bour. This therefone
called for over 300 operations. of the busacr
sequencer linser dudng e produstion  poriod,
Reconls show that there was nol & single failone of
the biler dusing this pericd, and confidenss in (e
syshemn was fimnly established, Ths, theee was pa
B o prosluciien due fo unavailabality of steam lor
iresingcil ol kesbacon,

Eathmsics of the oot of the modesign, imstalistiog
il testing, inciuding comsiElants fecs a5 & porcrE-
age of ke co@l of lost production was ondy abow
1.3 merecnt

The design objectives staied garlay wone ol
inelsding particulady the simphicity of ik layuul as
an awl do mamndensnce, The rosident olecincian was
tmvalved i the irstallation aoml hes had the oqgne
twmly Lo underitand the apemtien ol tbe design
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