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4 T-A&ig md .M~~i~tr;Ilivr: Ehprieuce in University ~ S B a & n  (1 988 to diatc) 

Tad&~g and .4dmit1istrative Expriazcc oulsidc I b ~ i \ t ~ s i  ty of' [hadm (I 988 10 &te) 

+ Major c ~ I I ~ w c I z c w ~ ~ ~ ~ * ~ ~ I Q ~ ~  artended 

(maikte ion etching) or' Silrjl. CdC12 tipas chosen ns m e-beam resist material bemuse ol': 

(i) 11s C-Z~~JIII decoil~pasiriot~ products, cadmium ruld c ~ l ~ u i ~ h ~ ~ ,  uu colatile at 
rile irrsrdia tiou tallpetatwe 

(ii) 11 has I i g h  chenGcal rssisrance TO Xluarirtr: based pjasmn, and 

'f he drcompmi~ion efticirncy of'CdC12 film ( l4bnm thick) was Wwxl to be 5rn~lm-n' iirr 

irrsldiulion tamed out $1 ih i l 2 k r  al a tm~pcruture oZ 2 10T+ T ~ G  iin~e, giu 

llow rau, grit; prcaur3, ad b*.L (WWH dqa&w 441 1- WMG titdkd. Sdtxtivily 

vitlua -quill m w possibly much baler h n  16:1 were achieved in aching SiOl 

c0111pw2d la CE13 uud u resdu.Gu11 of 100nn1 (UIB orb Of fi* iilrn grab ~iz!d} was 

0 b W  

Lad c'l~loridr: (PbCld and l%M~&&lZ films were e-him irrdaid,  in order to siudy 

the &mpositicm kinetics aud l o  wita m d l i c  and matalfi~ oxide pi tas ,  The 

ckmnpsition khaia w m  sndizd .#s a lbnction oft tynpermm, arbsfrettc; and aimnt 

density, by using a quadruple nlau spocmtncter to tndtlitor tiis rcaalion products, 
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Pitiem or Pb, Pb-CJ, itld rlx3dhdIj VWd were wrinc% btrt it was Coud 11rat PQ fihu 
were JMA conhou~ i~  f i b  of P&Cd a d  P U  o ~ i &  wwe continuous, 'l'ha 

panem xesdutiom ware found to dwcaase wIxh inert'i~~ing irritdia~ian IMIJX~IIU~C- 'lhc 

raoiuliomi of Pb-Cd were fd to b suprior to thwa or Pb p~km. Tfw 

.resolution of Y W  mid 1% p i k m ~  w,riurfr~ id 135% w t ~ e  0.lwtilil 1t1d 0.29tm1 

mp&%~dly. ht$ of Pb-Cd and M d  tits6 of widtlw mgit~g 'beltvwn 0.8 - 
3.flpa1 wwc M&L Uilirlwk r ~ ~ d u t i ~ n  of -5.Oclnl is pwii b h  Lor olliidisd p b c d  fib 

i lilicbon Ihfoh h l i p . b ~ ~ s i b :  (SI%M) 

(ii) Uectmn Spmcosm For f i e m i d  &alpis (.EYCd4), and 

[iiii, Be~ondwy Iwt Mass Spe~*mcnpy (SIMS) 
Swhm ~msphobgy studi~s of tb sanqilss iv- p d d  by Smluing E l ) 1 1  
Mkrwcopy (.SEMI. 

lha rigs i'isr the P1i.I). C fern& assim&ip work were in two 

p m :  

(i) the dzctf0~ bans *lysi& 4 

(ii) tbt plmm-ssiad a&hg and end phi &~&ti011 set-ups. 

'I'ha expahantal ris wwe &201lr,ivdy Aptud for IW. 

flu dwmp&rion tppararufs is s11ow1 i i ~  Fig 2, wid1 all the I I ~ : C G A ~  clwtl.onic ur~iis 

used. Th3 arrrwgcntm in~ide rile cl~m~ber for electron beam radiolysis ex'periment is 

&WJ in Kp 2, which s h ~ 5  Ut: el-n be- &Leution p b ,  &e ywdcupolr: mass 

apcum&r @&IS), auld m ~ 1 p k  d p t d a i 3 r  CFig 3a) cqabk of up a ~ d  &WI 

mvantmtq ;md also with mution facility. ~ o @ l &  corrllzdions and the annclunents of 

&e w p l z  holder is &UW h Fig. 3b, u d  dcxfy visible an: III~ decouposed s p r : c h ~ q  

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Fig. 1: Elscan bla mq0Uitf.m Appararua 

(a) Var- m m r  

(b) b t r o a ' ~ p n  =wm 
(el SEamer Bnd Z m p m t B t U r e  Coatrollm u t  

Cd) I38E 488 Inwfaaa 
(8 )  Edthl.9 480 pfe-rg for beam cuttent rwasu-t 

(f) E4 5205 Lock-In ampufiar 

(8) S% 300 QfB Controller 

(a) p-x 8UPply - 
(i) Ti- 6ub-tioa puql paver impply 

(j) Plranilron guga control urdt 

(k) haatex ~ O n t ~ o l  
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w. 2: Lay-out dZ vaxiaus c ~ ~ n m t e . l w & d  far radiolysfs-) 

-Ida the vamamm chamber - 
(a) Q&mpole &a 8pactrbmrer 

(bl S ~ I w  Holder 

(c) Electron gun;, the deflection p l a t e s  a s s d l y  
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Fig. 3: 

(a) Sample M d p U t f r  
(b) baple Bolder: (i) DfS-mad bpso- ah- the h m  x 4m raurai mwrrmed ftamea 

(a] Phgsphor acreen ummd far e - b w  locattan 
(=I Thermcoupu la&, attaebd a+ tBa ba& d -10 holder 

(itr) Hater connection dm8 
( ~ 1  ? m a y  oage, m open tactaumlar bwr mode with molybd- for baas m m t  rmlamsmmt 
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the phmphar scc2211, &L' d1:Cmlmc~upld ~01-&on, the beater ~w~m~.c~icl~s, m d  llrd 

lkadtiy age Ibr nl-urillg ~lam~1 k u u  CUTT+~L 'Ilk: ~ l ~ ~ l t c l i r :  r e p m ~ d o n  of rile 

eiectron ham dPeornp,osirion . s e t q  is its shown in Fig 4. Dbs>myodtion pr~ducts urn 

by using ~G QhBZ and the signal d p d  was in s y ~ d m i a n  with a12 

damn bm, which is b W  on a 5050 duty 9 ~ 1 2  tu hqu2m.y of 1 2 l c k  h this 

way, line-ofrsigb of chloriae (C?') and cadtnium (~d'") signals were meam& using a 

Eo&-~I ampCier, wlCch reduces cmsidmbly i11t OF buckgwa11d si;igluf. 

h sru;lll m m d l  p i a m  4cher ixns axtwh~zly a d a m  su& that both plasm 

u b g  ;ud rea4vr: iorx ~\ lchhg (Im) w ~ k  I:& be done, trllL1 end-point &lec%ofi Unit 
~asblg a QMS was add&. 

The ~l~c)liiCic'd ~r~uipm~wt w d  is &owa in Fis  5, and s&mlicully r~qwtmded in Fig, 6. 
- Ir is e w l ~ i d I y  PL pal131 p1d~  radislrl flow rebctor, t b ' f  mu& of two 1 h n  dimaler 

MQIM coolcd eIwtrodw, (made of aluminium), with an imw-damads spacing of -3cm. 

Poww wu?i gmautci by a ref w a t r  d fu;cdl fiaquency of 13.56 blEh with &e 

it31-a nutAh~g(tuHirrg) tiow, m w d y  so as t~ Iwve u.1hip1~1u liailer3td puws L U I ~  

fa&"~utn f ~ n ~ u t d  p O W a  

111 &a pJmuu d, waf'a'fi w ~ s  p l d  011 h sou& dw~rucla, h u w u  as tlko u1&, 

ad have eiecuid potentid (OV) slightly less thm tha p1- po~miial. In he RlE 

mh, wden 1v2r2 phcd on tha powmd dlxirodz (h a t l ~ ~ d e )  ~d has eIe~%ical 

pob~tiill wilh rr:~ici  b ~ h r :  ~ I G I I I U  ill the: ~ & o u  ol'ahul - - 500 10 . -1 i' gc;aL-~-p& 

value. 

\Irulwu, i u h  4- chmbr w a  uhkved by udtl~g il romy pump { W e d  whh a 

fare-liue atp) capable of a b ~ s e  pr&m of-loJ ion. prior to in(rodudon of ctdh~ 

gas 112 clmnber p~ssltre. wag xnonitored using a tmsioued diaphragm gauga (MKS 

h s l l ~ 0 ~ 1  TJ~X 222). ihd Qb.15 uw ii apcul r;lol'rk&br:~ling to hqr: raio frunl I 

lo 100 am.u . Ihe QkrlS Iv;aJ wlmm was tnllinrrrind at pressure of 10" torr d~tribg 

d3w11t gas m~pliug by trshg un ion pump. 
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3 EEE - 4 BUS 

scan HP %mi f rderfcace 
e orrtrd b'r 

8 d@gI plotter I ; 

- - - - - - 4  
~mperac~ Central ler 
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Fig. 5: P h m a  and Reactive-Ion EtChitlg Appaxatua 

(a) Proeasafng dumber 

(b) r. f . powex maccbfrtg unfE 

(c) Gas flow miter 

(d) Y-t plotter 

(el Etch-gas supply cyIindex 

If) OscUoscaps~-6or signal mnitaring 

Cg) Process c.w.troller 

Eh) r .  f. pmmr aupply 

(I) Ueromasa W 200 QMS &orrtrollrr 

cl1 Ion Inmrp P-r. ~ U P P ~ Y  
Ck) "Thermo-stirrer" for  contr~lUng the temperature of 

the circulating water passed thirdugh the electrodes 
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(rfll#U, (rQ=D P l m a  etching 

(rfh = 0, bflt4Q Rwctive kn etching 

Big. A: 
-i& aa+armb Qf Wac W t d  etahim W W t  

a qDa**b - w - m  *-* 

MKS Baratron 

I 

Spedvac: 
wive 

* 

Qudde Mass 
Sp&omtef 

Fore-line 
trap 

Rotary 
Pump 
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Ti, nl-r(: ddh m ~ ,  liilg~ &hi&- was masurd pridr W. h W u i i ~ g  lhu sp&hla~ Lt) 

pI~15m & r i a  tmd also aiim Lhe ~ q l e t i m  01' eccitling, 3P1e chiinge in t11i1:knes is 

divided by thd etds linu to give ku itvmigc && rd2. Film tl~r:Eu~es r'll~~sur~ulI:ills \v~t2f 

by d u i p l w q *  

hd-poht datruinath was b e d  out iu ~e R E  mode, Plasma eldiins 1 8 ~ s  

~Zurndo~~J bl=ctaust. 01' the iruhqwy or Lfic d i d i i i g ,  TLw it  ~C'W Iotllld d1crd &\La 

pd~-rsl!siur~ of tlw resist ~uflhw* pqw dch ram -of S i a  HI- U h ~ i t i t l d ,  as well us 

pmridectivify in dchhg SiQ2 and CdCl? when CF4101 etch-gas was used. 

-!I ih!r:a,r rclatia~d~ip L.sis~s (liw mc11 of ate snnlpIr: SiOz nlld CdCil) ~GIIVE:L'~I IIW d l  ratr: 

riitia i%Jid &MI&SS i n ~ t - &  .CIIII  4 ) ~  & J d i f ~ &  u e t ~ ~ e ~  d w  10 ~ t ~ - m ~ i L b m i t y  

in h e  ach gas di,sribmion ova thz W8t-w surf-* 

Prw.;Uir>o~ ilf wrupla; fw EPhU d stir&& u ~ ~ p h d b & ~  studis w-w d l 4 d  orb by 

mounting specirnzn of ttquired ,sba m a  a 1 ~m dimam bnw ur atkrminium sub, using 

im elcmicall~ ~ntELttring silver  pain^ The W b  w s  thm gold coded Itx surface 

u ~ & u I ~ g y  blrrrliq u d  wbtx matad f~t' BPBIA A fih W g  d a h 1  I Oim was 

tbund to be adaqustte fw both W e a  , C ; o ~ * t i d  a d p s  by ESCA md Slbl5 ware 
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haw taugh~ several courros 31 undrrgmdtiatz lnrel, Mfhieh ininclude the tuilo~ving: 

m POI% c1- :I.1cdr0liGs 

Elcd rollii= Circuits Desi gn 

Opcralionill tL~~pl&c:n & Lhlcar ICs 

ScmicoJlduc1:tor Devices 

• blhG!hIil;ro Cmputm: Hardware, SoRwar* & rlppliut ims 

Digiml Sysqen~s l h i g t ~  

Digital Dzlta TmmIlissio~~ & Reception 

h addihtl to l l~y  t~aching a s s i p ~ l a &  1 h i l ~ ~  si~prv iscd sevdr;11 S ~ U ~ I I ~ S '  projeds t~nd 

also lxdld vurbus posiliorrs of respotitiibiiiics, notably tllc &%iug Ikdd of 11u 

Uzpi~11en1 of Elsctrical a L ~ ~ C T O ~ ~ C  Enginberia& Unjvcrsi~y ul' fha~klitl ( I  I2 92 i t )  

30!9/95; Iflo!%' l o  date). - 4 ~  Acting Elt'ad 01' U i p ~ f l t ~ ~ ~ l k  1 ~ l l L  ~chp~ll~&lc Lo thr: 

UUi.vcrsity Scnatd: 

w ibr the mganiza~i011 and zmm~l of eotlms oi' audy ;md 
~ ~ ~ ~ I & I & O L I S  iu h d  ~ C ~ I ~ I - ~ L ~ G A U  
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A DIGITf iL  CAPUGITAt4CE METER 
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1,. IPgTRODU~LOM: 

It is a fact that most university laboratoriee aad 

some electkonic  worlsehops in t h e  country camat bqast of 

an instrument that can measure., accurately, the value of 

one of the fundamental components in electronics and 

electrical engiseering - the  catp.acitor. 

A oapacftor Ps simply w component that can stere 

elec2xic charge. 

The capaaitor can be requfred in a number of agpl-icca 

tions: such aa in Seolatioa of dc biasing and coupling of 

sariours stages in a multistage mpliffer; f i l t e s f n g  out 

mwanted frequency component; storage oP voltage level. 

mr a defiasd period ($.g., SampU slnd Bold circuit fn m m -  

operat2onal uplifier; rand removing ripples from a power 

supply. 

In a l l  these appliaatinns, tbe capeteitomce (value of 

the oagaoftor) has  to. be spenified, The capacitmae C, of 

a parallel p lats  cmpacltar is defined as: 

*Eo - Er A 
C = , Farads - (1) 

where Eo is permitivity o$ free space in Ffm, EF is dielectric - 

constant, B is the cross-sectional area of the plates in m 2 

and d is the oeparatia~ distance of the paate@, in m. 

Capacitors are usuellp classif iad by the  dielectric 

materl al. (br 59 Eqn. I). 'The dielectr2~ materi a1 fs an 

fnsulating medium stad some examples are. *polyester, golgatsrene 

for h3gh voltages, c e r a a  far ,mall capacitaaeea, air or 
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thin mica eheets for variaPle capacitors. Thue for a given 

rlislerstric material,: the capqcitance of the aagacitor depends 

on parameters A aad d. 

1 Bridge Method of Capacitance Measurement 

  he most cormnon way of memuring capacitance is the 

alternating current (ac) bridge method, Pig.  I .  

0 

a. c.  Cs and Rs are 
source standard values 

Rx asd Czc are unknown. 

Fig. 1: A captrcttance comDarison bridge circuit. 

The bala~ce- equation of the ac bridge I s  given by the 

equation, 

w = ZXJf, where f ts the ac souree frequency. 
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Equating separately the real and imaginary hiarts g i v e  

the following equations:- 

Th$ det.eictbr aoold be a p.air of headphones whereby 

adjustmeht of 'R1 gsves a minimum sound which indioates  the 

balmce point ,  

The maor drawback of t h i s  method is that  the accuracy 

of measuswent depeads on the individual making the measure- 

ment; similar to the paral.l& error intmduced in using 

amlog meters. The error due to this drawha- ctiuld be 

miaimiaed by using a digit.al mews for capacitance measure- 

1.2 Dtg-itEsl Meang of Measurlpg Capacitance 

F i g ,  2 i s  the block diagram oi a digital cfrcuit that 

C;la be used to metL8-e cagacltrmoee. The test capacitor 

whieh I s  the cagacftan~% to be measured, i s  pa& of m 

R-C t i 4 i n . g  network. The timing circuit network form part 

of % roonclstable multivlbrrator and the hlgher the value of 

the test component the longer the output pulse of this 

circuit. 

A low frequency oscillwtpr (LF. Osc. ) cootrols the rate 

at whlch readings are taken,  spd thAs gives readAngs at just 

under one second i n ~ e r 9 r a l s .  I t s  output drives a s imple  

control logic circuit, the output pulses o l  thfs circuit 

sequences the rest of the circlit  . 
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DISPLAYS -&I 
Fig .  2:  Block Diagram of the Capacitance Meter. 

TEST 

MUNOSTABU * 

The first pulse (trigger pulse) is applied to the 

GATE 

monostable multivibrator whose output pulse, which depends 

on the test cap~eitor ,  is needed as a gate pulse to nount 

the gases Coming from the clock oecillator. At the end 

t 

* .  

k 

of the gate pulse (the one-shbt pulse produc;ed by the mna- 

I M I I a m R  
DECADE CQUMTERS 

stable multiv5'trrat~r), the  count is Trosen. The la tch  pulse 

- 

f r o m  t h e  mntrol logic circuit enoblzTt'b,"ftest component 

I 1 

to be displayed. The overflow indicator i& Indication 

LF* OSC. . 
1 

that the ~-81lue of the 'capacitor is beyond the  range selected. 

CONTROL LATCEES 

mGLC . 
_. 
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2. THEDESIGN: 

The maJoP circuits, as sbom in Fig.  2, are: 

(i) The Low Wequencp oscillator; 

(ii) The contrgl logic; 

(if i ) The maaost,able multivibratxir ; 

(iw) The clo&/cowitex; md 

(v) The overflow indicator. 

The CMOS logic XCs are used in the design.  It has been 

' e o s e n  in preference to the TTL because s ~ e e d  is of no 

fmgortance fa the capacitance met.er and mqreover, its other 

features mztke it desirable in t h i s  design. 

2. I The L6M ZYequencg Os'c'fll~tor: CJ,xcu'it . 
This is an asitable muJtivibrator circult as shown fa 

F-ig. 3,: L a w  Frequency ~ c i l l a t o r .  
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T h i , ~  oscil~lator ha8 to b:e 02. rt higber frequePay t b m  the 

other cfrcuita so as t o  give roadfnga under one second interval 

The 'ont and 'offt t-s are cantrolled fndagendentlg by far- 

cing the capacitor to charge and discharge through a weistor .  

The t i m e  duration of a s ingle  pulse ie given by, 

T a 0.693 RC 

Zor R = 4 7 0 u - d  C = lOOnf 

T = 0.693 1 470 x lo3 x ZOO x loe9 

= 0.03257 seaauk. 

T3me for ten output pulse& needed t o  comglete oae mertsummenl 

oycle, is 0.32571 secasb,  atill far Less than one second. 

2 . 2  Control Logic Circuft 

The CMOS 4017 BE waa chosen. It has ten separate 

O U ~ ~ U ~ S  0ffe-g crnplet8lg &~@ded  count, saab output 

pulse sequetntfally repeatfng every A0 cbunts. The coatrol 

logla circugt is ahown in Fig. 4. Out of the ten p u l ~ w  

produced, pulse '0' I s  for reset, pulse '1' for trigger 

and p u l s e  89' 342 latch. The remaining to  8 '  pulse= me 

to provide time for t h e  duratfon of the gate pulse, 

Fig .  4: Control h g l c  Circuit. 
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2.3 Yonostable Circuit 

The bircuit (mg. 5) ie made up of taro NOR gates, the 

test capacitor and the rwge registor. 

A non-retriggerable -table mult ivibrat or is employed 

so thaZ if the trigger pulse duration f r o m  oae of the NOR 

gates is longer than the duration of t h e  output pulse there 

wpuld be no effect on the display reading. 

The range resistors (six in a l l )  each have a t~llerstnce 

of 1% which allows for m a x i m u p  accuracy and avoidance of 

~al l ibrat ing ,  Sndividuallp, each rirnge whfcb would be rather 

cumbersome. By reducing the tPmPng resistance {range resistors 

IOIibeJ,QQOW> in decade stepa; the timing oapmftor {IOnf to 

1000pF) meded 90r @ readang i s  boasted in decade 1narstwn-t. 

The NE 5558 timer Ls employed as a f~ee-running 

This made of opexathn is for the continuous generation 

of pulses whilst the gate pulse Prom the monostable is 

matlable. 

The on time, ton = 0.B83(R1+R2JC, also - 
The 'offF timg toff = 0.683RaC. 

For this design,  ton and toff are determined by the 

variable resistor. me variable meistor is u e d  for 

cahlb~atfon to enable &e right amount .of pulgest to be .sent 

to the oounter circuit.  
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Fig.  8 :  Clock us@ill-wtory cfrcuit. 

2 1 

5 5 5  TIMER 

. 

, 3  to counter 
circuit 

8 
* 

4 
J - 5v 

from monostable 
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2.5 Counter Circuit 

The counter circuit (F ig .  7 )  aounts the pulses from 

the clack orscillatQrfr cixeuit . The reading is df splayed 

when the last pulse (latch pulse) from the control log5c 

circuit has been received bg the counter circuit, 

The IC 40110BE counter, can only drive cornon cathob 

displays.  !€he aur~ent f f ~ w  from the counter to the display 

is usually rather high as a rssult ,  resistors are used as 

an gnterfacs between buzh components. 

The Usplay,  which is 0 , 5  inehes, $8 chosen' because of 

its h&gh brigheness featurfqg highly legible; bold, s o l i d  

segments, fast m i t a n g ,  low power conwumpt.i~b &nd compa- 

t , i b i l f t y  with fCa, Wlmn a l l  the four segments are on display, 

a current of about L O O W  may be drawn fmom the  paver supply, 

oo six b~tteries of 1.5V each arebusad. The reset from the 

' c a t  r o l  logic oi>rcnit resets the counter, although no* 

disturbing the  tfr~zepl count so &B to have the next r e ~ d i n g  

start from its 0000 ,pt&rk, 

2.6 Ope'pf l+m ZqcWcatar cjl.xcuit 

This clrcuit (Fig, 8) is to enable the users realize 

that the test capacitor is too large for the range chosen. 

A CMOS XC 4013=, which is a dual - D type Flip-Flop, 

and two NO'If gates CMOS IC 4OQIBE are used. 

2 .7  The .Hodule . 

Figs, Q mad 10 a-ined, w e  the whole cirCuitry. The 
3 whole circuit is enclosed i-n &h enclosure of 205 x 140 x 40mm , 
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OTHER 4 T LATCH 

RESET 

S v  

, 

40110BEs, r 

6 

4 T 

* 10 

16 
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40110 BE . 
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2 .  av 
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made of plas t i c  (tog and h6ttom) , m d  metg.3. ( f r o n t  and bmk] 

panels. The display windm fs cut out an *be Left haadside 

of the tap p a e l ,  i ~ s t a l l e d  with an LED display filter which 

is anti-glare, 

Ta the Prnnt panel ape four sockets, 6 way-2 pole 

rotary swttah, oyerf low 5ndieator and an ultra-miaimurn 

toggle s w i f  ch, 

The -it has atn in-built calibra*ion capiscitor to 

check the v a l i d i t y  of any readLng being oh-toed. 

3. C O W ~ S I O ~ :  

A digital cag~eitance metes capable of measuring c a p -  

cftancss i n  the  range of InF to 1000p h e  been designed 

and constructed. The meter is powered by an internal 9 

volt battery, and i s  consequently fully portable. An over- 

flow indicator cixcuXt is also Included t o  B ~ O W  when the 

value of the test compon;eat its out o f  the chosen range, 

The design has ;Pour d i g i t  LKD display ooverfng tbe following 

SAX rages: 

Range I, 0 to 9.89nF 

2, 0 to 9B.99nF 

Rrtnge 3, D t o  OB9.9nF 

Range 4, 0' *to 9.99pF 

Bang9 5 ,  O . ts, BB,.9fiF 

The =curacy of the meter was found to be quite g m d  giving 

typical error of +2$ in ~Wwuremeats, The device i s  now i n  - 
use f n our departmeat, 

The .proJect is cheap 'and all components used are avai- 
lable in the cozintry. Parallarr error is eliminated. 
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19 UNIQUE POWER SUPPLY UNIT 

U1TH AN APPROPRIRTE TRANSFORMER 
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1. FNTRQDU~XDN 

One of the.most basic and necessary systems, or more 

specif i c a l g  subwstw, %n e>lectroni cs is the dixe,c.t: current 

Gdc) power supply. Ia cornmicatian equipmnt, instrumen- 

takioa, eomputqrs, nr any ele~trormchanical syeteme, small 

or ref a t ive ly  large, a e'ourcw of de power whicb is furnlshd 

by P dc power ssupply I s  ~egutred, 

B m i c a l l y ,  the f.motian of a dc power supply ts to 

convert the readily available 330V, 50Ez alternat5eg curreat 

(sc) voltage iafb. a -11 regulated, 'fixed or variable, dc . 

voltage. The power supply, thezefore, must c o n t ~ i n  the 

following circuits, : . 

(1) the transformer', which efthe* stem up or s teps  down 

the avulable wc vom3tag8 to the required level; 

(a) the rectf-Pier circuit, which converts the ac voltage 

In to  unidirectional or puleating de voltage ; 

(3)  a, fltlter circuit, which removes or m5nimizes, the 

ripgle; a d  

(4 1 a reg~latWg c i r c u ~ t ,  which mwin$ains the Be 

valtage level at the required ,output. value irxeepeetive 

o$ ortriitioa in either the laad or the fnpuk ac strpgly 

voltage. 

T h e  awpe of the desfgn is t.0 meet the folloarUg 

~ g e ~ i f i ~ a t i ~ n ~ : . '  55T,X$; - Sl2V,lA; 0-40V,1.5A; ~d'0-f-34)Vg1.5A. 
To &et theee sp&zifie&tions, sli 'off the shelf trans- 

former canno% be used, tber'efere, an appmgriate trangformer 

has to be designed and constructed t o  achieve %hem dc power 

a u ~ p l i e s  requirmenfs. Thm, tbls work has its basis on a 
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2.1 TransSofmer. Claesif ications 

Trmsfosenex~ are used to, me4 a wgde ~ m g e  of requf re- 

wnts. Poly-type distribution transfomrs eupply ralat lvaly 

small amount of power to r e ~ i d e n t i a l  houses. Power trms- 

f o m w ~ s ,  depending on $he size, are emplsysd: 1 , i j  at gene- 
rating statbas t o  step up the geaexated voltage to high 

l eve l  4f transmimion to minimize 1-8s; Cii) at substat2dps 

t o  step down the tranmitted voltages for local d$stributlon; 

and ( A i i )  1.n elecitros~lc circuits power supply unit, to 8teg 

down the avaPlable ac valtajps, T n s t r w n t  t ~ ~ s f o m n e x s  

are usdd to meas- voltage1 and currebts, hudi.0 and via80 

a d i o  frequency trwssfr-rs transfer energy Fd IIB~XQW 

A power 

transformer deaffled to meet th0 requirem'Pte of ele 'ctrouc 

2.2 The Desi,gn 

In trmsfo-r d e s z , ~ ,  mast of the b a s i c  design 

grAnc&gXe applli=ablo to a l l  the sfor-atianed frma- 

formers, but attenti- w i l l  ~ Q W  be focuaeck on the design 

of the pomr tr&a&ormar. The -ex trmsf~rmer fequirsd 

for the above ~ ~ e c ~ f i c & i o n s  1s & 240V/88 primarg winding 

and multi-windings ssaoadpsg heuiag cent-tapped -1.v- 

of 32V, 28V, 24V w d  IgV.  The number of t u m ~  of wire for 

both p r w  and wrondwy w$qdUgs are ob%airred from the 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



where I s  number of turns of wire ,  to induce the emf 

voltage E, B- h the maximum flux density t o  prevent 

magnetic core saturation, A id the oro8ss-sectional mBa of 

t,he insulating former ( F i g .  1) of th6 tramformex and f 

the  operati,ng fre'quency, 

Ftg. 3. shows thecomplete traneforhar core a s s e a l y .  

In chowin% the Gore material fmm the. l i s t i n g s  in 

T ~ b l e  l(61, the silicon content of iron and nature of 

annealing a m  very imortant in th&t they havi3 rt dir8ot 

bearing on t.he hysteresis loas. %e first three a m  

TABLX 1161: TBBbTSFORBQER CORE MATEEIAZIS AND THEIR 
S 

- -- 

(B-a) S a t .  
%ax dc Gaus Lines/ 

sg, in 

Mumetal 

Pexmallag C 
Radiomet aX 
Permalloy B 
Permalloy A 
Cr -Pe rmallog 
Mo-Pemnalloy 

1040 

Me gap errs 
Mpa mck 

Rhometal 95 . 250-2000 1200-8500 19500 125000 

i% S i I l c x ) ~  Steel. 85 . . 450 8000 16000 123000 

p = resistivity in microhm cm; podpinitial permeability 

hadc = maximum permeability obtainable 
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materials .are tue host commonly used for  law voltage, siagle 

~ b s s e  transPormers [6]. The gemal1,oy C wars chosen for this 

work, and t o  $,revent magnet l o  saturation, 8- value of 

60,000 lines/in2 was used. With a aross-sectional area of 

the aore of 2.74 in2 (1.68in x 1.$2in), then number of turns/ 

Xn the practical $mplement.ation, the number ob turns 

of wire per volt of 4 resulted in total number of primary 

winding of 880 turns for e 22OV ac 8dpg1p, The number 

of t w o  for various secondary voltages are l isted in 

Table 2. 

Enamel cable 03 .&tta13:&ard wire gauges (8, w. g) 22 and 24 

Secondary 
volt ages 

(TI 

32 

28 

24 

18 

w e r e  used to meet thb .jCequi*a-*eeci.ffcations f o ~  the 

primary and seconky wind2ngs, respectively. The disparity 

- fn the s.,w.g, is due ta t3ie fallowing:$: available winding 

8econd& 
Winding 

. .turns.. . , 

la8 

112 

96 

72 

area; and highexcurrent U the secondary cfrcuit (sinfie the  

: Power Bupply 
volt ages 

. .  (V> 

0 -40 

0-(-37) 

- +I2 

+ 6 - 
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same 9-F 1s tfanefo~md from the p x d r y  pi,rcuit to the 

secondwy circuit, then stepping dwsz the voltage w i l l  

remat in higher cwment in the secondary circuit). 

Most tranbfomera &re wound by winding machine which 

make@ the  jab quite fa&, neat m d  ensurea accurate numb* 

of turns. Due to either non-wailabi l i ty  or non-fmctiona- 

Ifty (when found) of such mzchae,  the winding was done 

manually. It ban to be msntioned that manual winding fs 

vem tedious, and 'requires abaolrste concentration as w e l l  

as greater care to avofd making m y  mfstake. The winding 

proaem commenced in the clockwi&e dtrection unt i l  half  the 

required n&r of tuxns bikd been wound. 5ince the enamel 

cable 3s aoated, lneulatim at this  point ~f half total  

number of turna was removed, md & wire tapping eroldered 

to the goint. This serves as the centre-tag pofnt and the 

w%nd.ing p~ocass costfnned in the same dlrectian anti1 the 

m u b e d  numbr of turns b.qd been w~md,  with the end point 

brought out. 'Ifhe whole' coil  w w  iasulated properly using 

pwer tape., this being In addition to the i 'rrsulatia offered 

by the coating of the  a r e ,  SecoadaPy windings were also 

done md i~ey la ted  scor  df nglg . 
Appx"~p;tiE&Ze measumnetz t s ,  ~ u c h  ass the continuity test, 

ef gic Aencg, reguI.at&~q, heat resistance t aet , indtcated 

t.%t the Pi& dpo&gn .&a ~.pn~tt.ucted trwsformer is in 

accordance,, witm allmUa merime11tal emor, with the 

original ~tim qf %be @s+.. 
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3. SIGNAL WIDITImING C f R r n T S  

The signal conditioning c i k u i t s  comprise of the 

Pollowing: rectifying, flltar, and the rogul~ting circuits. 

3.1 Reeti'fging Circuit 

Rectifiaro am wed pximwkly for the conversion of 

ac voltages to dc voltages. In semiconductor technology, 

the device that  meets this def init ion is known as a ph 

junction diode. St is a component that  a2lows current t o  
1 -  

flow Lrr one directloa but blocks the f l o w  of cmxent in 

the other direction. 

There are various rect i fying cfrcults; such as the 

half-wage and full-wave rectifying ciraufts. 

I EalP-wave Rectification 

A half-wave rectifying aircuit ie shown in Fig .  2, with 

the appropriate input u d  output waveforma. This type of  

circuit %a practicable only for l ight  load condition so thkt 

the tratlsfolrsrer ooxe dws not reagh dc saturation. 

3.1.2 Full-wave REctffier Circuit 

Pull-wave rectifier circuits are as fa Ffgs. 3a and b. 

In the cirquit of Hg. 3a, each d2ode voltage rating is t w i c e  

the peak reveree voltage, alsto. a centre-tapped tran$fornmer 

having twice the overall voltage rating is employed. These 

are serfoue drawbmks. To overcome these  drawbacks, the 

circuit of Fag, 3h,. yhf eh is a bridge rectifier cf rcult , is 

employed. Bridge rectifier circuits are useful in both 

~ i n g l e - p U s o  and po ly-pbse  s~pplications. 
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Fag. 2 : Half-wave Reoti fieat ion. 

Fig. 3: rnSI-tn;&xe .w~tff5mtfon,h 
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3.1.3 Charscterfstics of Rectifiers 

3;l. 3,l Peak Xnttexse (or Reverse) Voltage (PIP) 

This is the voltage that the diode rectifier must 

withstand when it i s  nbn-conducting. F o ~  a well-destgned 

power supply, the m a x l m m  value of the inverse voltage 

should not exceed the rated value of the ~ectifier specified 

by themanufacturer. It is then obvious that t h i s  PIV is 

shared by two diodes in the bridge rectifier circuit of 

Fig .  3b, while a singla diode has t o  withstand thie mount 

of voltage in the cfrcuit of Fig. 3a. 

3.1.3.2 CurTetl't' B,atings 

Another importmt rating fbr a rectifier ib the average 

ourrmt through i t ,  The $vePttg;s rectifier current of a half- 

wave single-phaae re.ctiiie.r is t h ~  ,saw as the average load 

.current. Bor a full-wave s%~g;&e-pbse rectafier, the we- 

rage met if Lmr Qurr-eat is one-half tho average load current. 

The m x l m m  Value of instantsneous cwrbrit through the 

rectAfier should not exceed the peak currant xoting of  

t h e  rectifLer. 

The tsta ' r i ~ l e  .factor' [illustrated in Pig.  4) is 

used to evaluste t,he wunt UP ac comgoaarrt still present 

in the rectigTed de ?ukp.u$ of the r e ~ t g f i e r .  a p p l e  factor, 

r, in given by the equa~ion, 

rms value of ae ewqonent - ' ctts value of ou%@ut s-al (21. 
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The ripple factors for hplf-nave and full-krve rectifier 

circuits are 181% and 48% re~peotfvely.  

Fig.  4: a l t e r  voltage waveform showing dc and 
ripple voltages. 

3,P FlL'terar 

Though the rfppls factor of the full-wave circult is 

much lower than that of the half-wave, the percentage of 

the ac oompment is still unsatfsfactory for must electronic 

purpwes. Thus, a ffltap: circuit has to be employed to 

remove the unwanted ripple v-iaeion in the output voltage 

There are varll~urs filter cIrcuIts (Pig.  5 )  such as the 

g h p l e  capacitor filter, tbe  L-mction filter and the  pi- 

f I lter. 
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( a >  Simple -itor mter (b) -ti- Wter 

Fig, 5 :  Filter Circuits. 

Fox the purpose of this degfga, t h e  ~imple capacitor 

f 5iter ~ i r c u i t  is more than ,adequate, this is baause t h e  

inductors requim.8 for Low ripple atre sumeho~ bulky and 

re la t ive ly  ewensiver . 
The sfmple capacitor filter circuit of Fig. 5a, is 

connected across the rectifier output and the dc output 

'voltage is avaS1abl;e &%cross the capacitor. Bus. 6a & b 

a- the rec%trisd a@ 95ltaxecl outputs, re~ge.etlvaly. 

As dmm, the PLlte-d voltago has a dc level  w i t h  some 

ripple voltage stipa-x-impqssd an it, 

&p - 

b r '  

Fig, 6 : Capmbtor f iltezr . owration : (a) 3ull-wave reotf f l e x  
volt-.; (b) fflDe*ed gutput voltam, 
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At no load (R. =&), the output waveform would i d e a l l y  

be a conet~ant dc level  equal in value $0 the peak volt.age 

(Vm) from the rectifier circuit. However, the pUVQS8 of 

obtaining a dc volt&ee is ta provide tkfs voltage for use 

by othes e.le.ctronia c f rcrrits , which then cqnstitut e a 

load on the voltage eupgly. Fig. 7 ~shuwa t h e  output waveform 

of the capa~izor filter circuit approx-ted by s t r ~ t i  ght 

l f n e  charge a d  discharge 

Fig. 7 :  Approxima*@ ,&Iz%$~% voltage of capacitor filter 
circuit.  

By the appropri@te agalysis,  the folXm1ag relations 

are obtained for a full-plwe rectif f'er .and capacitor f f lter 

circuits : 
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Xf I is the average current drawn f-roa t h e  filter by the 

load, and C the filter 1:apacitar value, then; 

- - Vdc Idc . - - ( 5 )  
'r(rm) 4 J~F:' Vm 

F, Wmg the ogeratlng frequency, 

For l i gh t  load, Vd, ie only .lightly 'less than Vm, therefore, 

Dsing the definition of r;Lgple (Eq. 21, and the  equatf on 

%r ripple voltage (w'. 63, then the ripple factor of a 

full-wave capacitor filter is; 

T = - x 100% - (8) 

%ie 

Tdo ts 9;n a, C in microfza&ds, V d c  is in vn3;ts and 

Tbue r vary directly with $be load current (high 

load current, high xippf~ f aotor) , and inversely with *he 

oapaeit or siae. 
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3.3 ,Regulator C i r c u i t  

A regulator ciruuit maintains a r ~ t o d  output voltage 

under a l l  mnditiohs; either no load (open cimuit) or 

full laad [short ciFcuft) supplying an output current. 

A practfcal regulator charmteristic fs shun 2n Fig, a, 
where -the output voltage under load, VL fs lower th- 

the no-load output voltage, POL. 

perfect regulation 

"L 
- -  - - -7 - - - -  - -  

I 

I 
typical cbapacteristic 

F i g  8 : Regulated voltage charactaristf ce, 

The amoat  of reguaatfon in percentage is given by, 

But VL ILBu there fire, 
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The output resistance, Ro, of the regulator circuit is 
I 

given by, 

I C MIL. 10 can be remittan &e; 

% regulation = RD 
R. (12). 

Theref ore, for a, gf vea load, regulation improves as : 

ti) the voltage deviation, Va - VL I s  small and; 

Cff) the output reeAstsnce, %* becones m a l l e x .  

A perfect regulator then has zero output resietance. 

LDW cost f&b~i~&t , in ig  techniques have made a large number 

of integrated cfrcai t  (ZC) regulators available comrci&llp, 

These devices rage frpm fairly simple, ffxeti-voltage types 

to high-gual.Aty preefsion regulators, 

The IC re'$ula$ore have a lot 03 features built into 

them. In discrete components form, implement k n g  these 

features would require a lot of errtra apace, ~~~ornglexitg 

and signiff cmt increase in cost. b o n g  the TC regubtor 

fasturns axe: current l f m i t f n g ,  self gr-~tect ion against 

excessive heating, remote aontrol, remote  hut-down, 

Gper~tion over a wide range of input v o l t w s ,  apd foldhack 

current l i m i t  3ng. 

The various types of I6 voltage. ragul1btox8 are: 

(i) Group of ffxed p~s i t ive -vo l tage  regulators. in series 

78xar. Fig. Ba: shows the comeations of the regulator, 

V3-N is the output of the rectifier-filter circuits, 

end capacitors C1 aria Ca help t o  maintain the dc' 
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voltage and act m additional filter for any high 

frequency voltage variation, Table 3 lists some 

tmical a t a ,  

(ii) Negat5ve voltage regulator SCe are. available in 

series 793~2~ (Ffg. 9b). Table 4 lists the 

series typical data. 

Fllg.' 9: (a) Bexi- 73n gositive-voltage regulator; 

(b ) Series 7- nega$i-volt age regulator. 

the output voltage to a des3rsd regulate& value. 

Tbe LM 317 (pi$. 5d) , gar example, can be operated 

wzth output volt* regalla%ed ert m y  s e t t i n g  over 

the range of 1 , Z V  to 3?V, by the apprapriate 

selection o i  resistors B1 and R2. - 

The negative e~ufvalent is the fiM337. 
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Table 3 (7 1 : Positive Bexias 78xx Volt age ~egulator  IC 

R8gulated Output 
Volt age 

IYIfnmum 
V i n  

Table 4 (7) : ' Fi%e&.NegbLt ive-Voltage Regulators f n 79xx 
Series 

Regulated Output Minimum 
IC Part Nubex V o l t  age Vin 
. . .  * . .  . . - .  . . . . (V) (V) 
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Pig.  10 : Connection of LMal7 adjustable-voltage regulator, 

3.4 Power Bupplfes D e s i g n  

The transformer design to met the power sugplI08 

specifications; +5V, -?UP as well as variable voltages of 

0-40V and 0- -35V, has bean done in section 2. 

For the - +5V eugply, the minimum dc voltage, TIN 

(Tables 3 and 4) regulped at the input terminal of the 

7805 md 7905 regulators are 27.3V. 

For a 2% ~tpple voltage for instance, 

Vrirms) , - o.oav,, 

vm v- - 0,0346Vdc, 

Fmm Eqn. 3 * 

vm s Vdc = Vm - Vrgealr 

.Vdc 0.9W4g 27.3v 

hence Ym Z 7;56V, 
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The transfomer design in section 2 w a s  carried out for 

Vm = BV (1,&V centre-tapped for 5m as indicated in Table 2,  

resulting in Vdc value of 8.73V, 

Hence Y,(,,) = 0.175V. 

For 4 fall head ~ u ~ r e n t  of I = 14, then f 3om 

Eqn, 7 ,  the value 'of the diapacitur required is, 

C = I66lQpT. This 1s quite high, as choosing a value of 

4700pY will give a ripple fmtor of 7% z r t  f u l l  load; a rare 

operat2ng point .  Tire bridge diodes are chosen by t h e  

f nllowf ng deslgn guide : 

(a> Siruae e c h  of the 78mr and 7 9 3 ~ ~  regulator 

output aurrent i s  rated U, th8n w diode 

with  Tap3  2A W ~ B  chosen, 

(if) The PIV of th6 diode 3s gfven by, 

PXV 7 120% V d m .  

Pox a - +58" dual power supply, 

VdcM = 2x9V = 18V 

Similar calculatf ons were made' for other supplies w d  t h e  

companerit specificat9~ns are given in Table 5, for the 

overall power supply cirouit. 
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TABLE 5 :  CO- SPECIFICATIONS 

* 
* WVDC - Working Volts DC, 

The complete cirauit diagram (Pig. 11) is housed in 

a wooden box fram wAth provision Po* natural air cooling 

of the transfpmnmr. Blg. 12, %s the ghotograph3c picture 

om the module. 

- 
Power 
SUPP~Y 

Fixed 
+5V, IA - 
Fixed 
+uv ,  1A . -  

, Variable 
.O-40V,1.5$ 

4. CONCLUSION 

The deslgnand construction oP w appraprforte transformer 

fnxmed the backbone o$ t h e  design of t h e  power supply, and 

of  course, is responsible fox the success of this work. 

The specif f cat&ona aFe 3i~gd oolta&es of f5V, kDV, 

Electrolytic 
F i l t e r  
Capacitors 

4700pF 
50WVDC* 

68OOpF 
63WWC 

680OpB 
~ ~ W V D C  

Diode  
Bect if iers 

115401 
I O O V ,  38 

IN9401 
IOOV, 38 

PBL406 
220V, 58 

vari.able voltages 0-40V wsd 0- -SV, with  protective circuits 

Fkgulator 
Tgr pe 

78051 
7905 

78l.2 / 
78x2 

LM317 

The mdule i s  similar to having - six-power supply unitst, 

LM337 Variable 
0- -35V,1.58 

The overdl objective of producing a durable unit that - 

can withstand the test of students* rugged usage in the labe- . - 
ratorg has.been achieved.. The device is now in use $n our 

I PBL406, B800pF 
2209,5A . 63WMC 

laboratory. 
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Fig. l2: ' TEE mum. 
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I, LNTRUPUCTIQN 

The role and importance of t h e  speed control of d.c. 

motors in industrPa1 eel-ups aad Iaboxcatarios cafmot be 

ovelrempha8iaed. It readily fin& applications in such areas 

a~ b d t o a l s ,  Poo&&xers, washing maohines and, the conveyor 

belt drives. Motors b v e  to be started, run ub tg ogerating 

speed *and stopped in normal duty or in emeTgencg. 

Speeds mag have $0 be fairlg+constzmt and accurate for 

wrtain operations, Tbese include th8 paper-Wing ,process 

whkre accurate &peed control is essentf al. At the pulg end 

the m i x  fs very wet (9W moisture) and tan4er; at the reeling 

end it i r s  strong and neArly dry (w moistur&), Between the- 

two extremes, the papex! paasas through a series of rolls, 

d r i v a  by up to a score 09 motpm. To awl8 teasing, all 

m$ors m w t  man at carefully adjusted aad interrelated speed#. 

Eo?revera t~ permit for the #mduction of different ggper 

qualities, overall apes@ must be adjustable. Oxher appli- 

cations are &n the x o l l i n g - ~ 1 1 ~ s ,  mine winder and conveyor 

b e l t  used in groductfon l ines ,  

Bpeed control 02 d,a mtors can be achieved in o lot 

of W B ~ ,  hme-mr, only f e r o f  then are pratcticetlly ind 

s c o n d c o l l y  viable. Among the  earxiest methodb used tor 

the speed control of d.o motors is th8 Ward-Leonard system. 

It is one of the m w t  wrsatfle methods and i n f ~ o l ~ e s  the 

use of a separate mtox-geaawtsr eet to supply var&able 

volt&@ to the armakurk of the machine under control whi le  

its. I f i e l d  is sugpLAed -with a fixed velt9ge. The motor As 

- a a l g  w 3-phaee gquirrel-.sage induction motor driving the 

separately exbfted d.c genera*oi.. The major constraint of 
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this sp$tem lies 5n its g i ~  and dost considerations, O.theP 

metho'& include the nee of a power tra.nsisrox operated ia the 

njiqizcblng (WjdZF) mode. With tggPc.al output of lQOA and a 

forward voltage drop 0% 1-2V, for turn-off, the bags& current 

maas* bb r8~ers8d, t h e  nun conduotion state beLng achieved 

in abuut 10~8. &uch vary rapid rates of change of curreat 

md voltage w e  the design of the cir.cuft layqut e~?Atical. 

Considering the oqqstraf nt $ aapoc%ated with the dxaady 

mentaoned metho& and the need for an efiective speed e'ontrol 

at reamnablie cosik, the lad-nt of Ehyrist&s in the  early 

I s 6 O s  can be referfed to as 'a blessing. Zhe main a'dwantaps 

of thyri&or is %heir qbility to control lmge ~ ~ u n t s  of 

laad power w i t h  w very m 3 n i b l  exp6nditg-d of' con%rol: power, 

B r  the p-ar t ~ m s f s t o r ,  o h u h  and continubus bas6 current 

For example, a 5OA Fransistor requires X.QA of base 

enrrent at 0.7V, Vgg, while the thyristor nil1 be- triggered 

into. aonduolfon bg 1.6T, SO-. .gate pulse, 

The @-I 1 i ~ o n - ~ o n t  zoIJed rect if 11r f s ,a m e m b e r  of 

the thyxfstar iab. Tt ,is one ~f the ddest. and by far 

the moat used in t b  .famiXy. The rating of the $CR -Is 

usually given fn .mm values, typXeally 1-3QClA av-age anode 

In tW design and-t5onst&€bon of the laboratory 

epuApmnt, s*~, cost .and e-wentimii power some 0.2 the 

factors considered. Ttie t a sk  at hand, therefore,, ts to 

prodwe, a mMZvle whkqh Wlf frsalitate the speed, contrul. of 

d,c  shunt motors using the SCR (open 1-P method)- The 
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module is expected to be used in the laboratory, among other 

things ,  to m~gmgat the teachings of power-electronfa in t h e  

use of thyristore, m d  hence bridge the  gap between theory 

and pr~ct ice. 

2. DBBIGN % W X ~ B A T I O N B  

As already stated, that motor speed baa to be adjus- 

table t o  suit the vtlrious agplicatiozls mentioned in Section 

I For the problem at hand, a d.c shunt 'motor is to be 

controlled u~ing the BCR (open loop method). 

2.1 D , C  3hwT Hotor 

The arrrtagemat of a shunt motor is given in schematic 

form as in Pig, l w i t h  the f i e l d  winding connected in 

parallel with the armature. 

The shunt motor is essential ly a constant speed maohlne 

~ 5 t h  a l o w  speed regulation. An electric motor must produos 

rotation of a shaft against a load torgue, The alectxa- 

magnsticr toxguo, Te, produced by a shun* motor in given by: 

where E - machine constant, 6 the flux per pole,  

Ia the armature ourrent, and Xm the machine constant fax 

a constant flux. 

The generated e&f, '* is ixpcessad pk, 

E .I mw = .K +. - - m (21 

where Q is the angular fnqueaay, 
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Ftg, 1: %aBemat$c Diagram for a Shunt Motor. 
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For a motor, the temlnal  vpltage, V,, fa .expressed as; 

Ig being tbe amatare current. 

Waiirfng. 1-3, glvgi~ 

The implicatfoll of Equat ion  4 is that the apeed of an 

eleatrfc motor apuld be controlled by varying the  voltage 

applied to the armature, the flux, and the amatwe reaia- 

tance. Though Egn. 4 shows that the speed codd  be control- 

led by varying the armature resi~tanae, thfs approach is 

generally undeskrable s ince  energy 1s msted. Theref ore, all 

nmthods of speed control should involve the vwriatf on of 

either the &mature voltage or ilk, or both of these para- 

meters, 

2.2 Design' '];6Lyout 

Based on the established fact that varying either t h e  

flus; or the armature voltage can alter the speed of a d.c 

motor, an open-loop control system ( P i g ,  2) is employed, 

whemby the terminrtl volsage is varied wd c~n-sequent l~  

varying the  motor sped ,  

The controller ihh a si l icon eontrolled rectf f %er (SCE), 

while the control log5c system block is w means of controlling 

the $a, i , e . ,  the f i r i n g  aireuit.  The oontral logfc system 

has the same eource 03 power as the motor armature circuit 

for 8ynohroni~stfion nurpossa, 
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Fig, 2: B a s i c  Schems of Eleetronfc Motor Contsol. 

Input Signal 

2.3 ' Z)esi.@' Pwcifications 

The nmtor speed control circuLt ~psci f faat ions  are: 

Cjt) 8ynchronbatXon of the f l r f n g  circuit w i t h  the  

armature circuit, especially in frequency and 

p h s e  ; 

Cii) @ t b a  operatton o f  the SCR; and 

, C i i i )  control of the motor in a l l  load ~ o n d i t i o n s .  

L 

Power 
Source 

2.4 Design' %alf patfon 

The control cSrcloit i s  as shown fn Pig,  3. The passive 

and act&- components are Iltsted in Table 1. Th- values 

w e r e  chosen to meet the design specifications. 

:d -. 

#I 
t f  

Control 
b g i c  
6gst em 

. .  d . .  - 

b .  

Motor Iiokd 

. . . . -  . .  

A 

# .L . Controller +. 
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Table 1: C=ompmeats Used in t h e  Control Circuit, 

Components I Types 

R2 (variable) 

SCR . - . , . . .  . .  . . .  

Zener 30V 

600V 

2N2648 

BTY 79-40DR 

2.4.1 Power @upply Eaegui~ements, 

A vctrisrc is w e d  to step down the mains voltage to the 
t 

regufred l 2 O V  a,c. 

The Pizing circuit requires $OV d.c power supply. 

T h i ~  is obtained .from the power resistor, R1 and the 30V 

mnar diode Dl combination. B1 acts as a current l imi t ing  

device. 
to the 

The power supply - /load, wh$ch i s  the ,shunt motor, is in 

two P s l b :  a eonstant supply to the f i e l d  windings; while 

the ot,hee ia the v d a b l e  power supply to the armature circuit, 

The coqstmt supply to the f i e l d  winding I s  by means of diode 

D2 whloh produces half-wave ractified average voltage +Vf 
across the field-winding, 
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2.4-2 The Piring Circuit 

The f i r i n g  circuit i s  of fmmenae impartace t o  the 

overall control circrtft. The firing circuit is ass shown 5n 

Big. 4.  The variable resistor % is used t o  vary the t ime  

constmt,Z, for the charging and dkscharging of t h e  

e a p a e i t ~ ~ ,  m d  hence the. resulting electrical pulses of the 

firing circui* 1s vajried. By knowing the time of the first 

p u l e ,  the f irlng itngLe e,an be determined from the expre- 

ss ion  ; - 1st 

2.4.3 !l%e BCR 

The BTY 78-400B SCR ratings; voltage, current, power 

and tempexatawe, were the determfnfng factors In employing 

the device f o ~  the deaigh purpose. 

The coestral;nt on max.imum operating temperature was 

met by the apprmriate choice of st heat ~ie. The heat 

sink rapidly dissrlgates heat from the $a. The one used, 

for thfs project, has .a thermal resistance o f  2.1°c/w and 

the d%mensioas are 12 x 8 x 2.5cm3. 

The majox pro~ection, ,apart from optima erpplicb~tf~n 

oP the SCR, i s  the 5 A  line surge leuse (Fag. 3). A serge 

fuse responds to surges,, rnaiag it more sensitive than the 

conventional fuses. A 

The whdle cirauit is hawed fn a wooden box flrame 

having dimeneltan 3?am 8: 35- lg 12cm. 
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Fig.  5 :  Capacitor .wnd Output Pulae Waveforms. 
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S* fNS1CRDC"rIONAL W . :  

The pesPonia~nce of the circuit was tested by following 

t h e  groaedure outlined in this section. 

Onae t-he circuit connections have been made, tbe next 

step i s  to grooaad with the axpexfment as indicated in the 

instructional mawal. The explarfmeat a1 procedure outlines 

the neceseary steps to be taken during the experiment. Zt 

is important to note here t&t the user m@t adhere strict ly  

to a11 the imtmctfof~~ fn t U  magizal. 

The exgermnt on 8.e-shunt motor speed control fa 

carried out as f o l l o ~ :  

AIM - : To 15tuay the open loop odntrol of a d,c shunt 

motor using the c i x m l t  of Fig. 3 .  

EQUXPWNT: DLgital Voltmeter 

--$ T ~ C B  QBC f l l 0 3 ~ 0 ~  

Connecting leads 

The SCR speed control Module 

D .c machine m82u 

Hand Tachometer JUg92Q 

There are different methods of sontrolling the 

speed bf die wt mtars,  80- of these 'are: 

Appliaati~a 03 vazdsble arltlw*mX"$ voltama, v a ~ y l e g  the 

-%we mrrent w d  the field current, The SCR 

acts both as a rectifier and a va~iable voltage source, by 

Yawing , i ts  f i r ing  iaagle, 0. T h i s  intrinsic advanfiqge of 

the SC8 t o  supply variable average voltages, ia employed in 
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the SCR ooatrol of the d,c shunt mator. The d.c madhine 

EM8211 is used fax thin slrpexinfent. The open loop speed 

controller consist& of a f i e l d  suggly and a vapying armature 

gmex supply. 

(1) Set % completely clockwise, for  m a x i m u m  resistance. 

( 2 )  Emnect up the circuit X n  Fig. 3. 

(s )  Connect terminals 7 and 8 together so that the 

triggerhg signal fxoa the f irlng circuit cstn be 

applied t o  the  gats of the BCR, 

( 4  Observe the capacitor voltage Vc and the xesultfag 

firing pule- by cognecting the  dual-trwe as~ilXoscoge 

to terminals 6 md 7 .  

( 5 )  Turn On the power supply. 

l8) 4aj-t R2 until the motor just rotates. Record the 

triggering tlime, t i ,  (Given b ~ t  Equation fi), 

( 7 )  -We~e&t step 6 above for motor speeds np to 1508rpm bp 

using a hand tachometer, trtk-g up to >five readings. 

Record the. coxresponding tsiggerfag tfme, t. 

REBULTS 

C1) Draw the observed w&Mbrm fox the capacitor voltage 

Vc and the tr iggef ing  v0:it;tage VGT. 

(2) Calculate the fising stngle, 0, from the resation 

Q = 18t 
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(3) plot the graph oi speed (r.p.m) against ~ ( ~ 0 1 .  

(4) Cameat on your reeults. 

4, ' c-mbLus1 a : 
T ~ B  h b  of t.h~e work hsla been to BUAIA a laboratory 

module which controls the 8peed.M a d.c shunt motor, In 

the .process, the BTY79 - 4OOR $CR hsrs been empl~3ed. 

The ageed of a a B.P leb~rst to~y  machine W 2 1 1  haa 

been effectively confsol~sd using *be SCR. The OSP 

(2143848), fs t h e  meox ~ a p o n e n t  in th& firing cikudAt, 

-produces 8 pulses a3 peak vbltage of 7V %n one half-cycle. 

With the -dub, ti~e speed variartiwn of the d.c shunt 

motor (-2IJ) ww $ram 0 to 1600 r. g..m. An ie;structional 

mama1 fa provided in 5eatfon 3 t o  aid in tlm usage of the 
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