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' 

S limmary 

,\ new com1><11111d enNg)' <011\f'rlf'r for low c rth orhit tellit i proJ>0 i, cmployin 
th p r II, I poY.1 t con, r ion t hniquc, ll IIC'W 111axi11111m 1>0we1 point tracking l chnique 
h cd on lh rhnr ctc•ri ti of thr. J>V pane I, a11d thr peak <:urrc·11l•pro nmun I control 
l hnic,u . The t hni,,u are u I for low E~II. hi It ,,. r c-ouH·r ion fh iency, high 
rt'li bility, l hility a11cl iz r hwtion. 

'I he mnjor limitation of t llit poY.t'r lf'IIUi i the a11aount of f'n r • , ii, hi from 
th pow r uro (P\' c nerator) . '1 h po\\ r y tr.rn houlcl therefor(• h d i ncd lo 
m kc m t cffici nt u of th iwailablr encr , .. .\le h rnkttlly, the ) lt m mu t h mall 
nd light" i ht. 

• ,·c r ort in d · 11i11 l'V po,, 

I he purp 
th l n• 

lem h0t ri rm. I hi 

of ti· th i i to intr due 
the follm in purp 

n \J c r.om rfr fo1 ca h duty the 
mu I en r ,. to I I l in th ri l path of 

nd 11 Ii in I compound J>O\\ r om •rter 

l. PV rr yr 11l11tion form imum p ,, r ( .\tPP r) 

2. B It ry ,·oh e rt ul lion 

. Bu ,olt11 r 11I lion 

'I hi th i d tail tit de, lopm nt of the compound on, rlt•r in the un t J>OWc•r y tern 
( PS). ' lo l t lite d i n. a protolyJ> y It in w ro11 trn tc~I to matrh lla re<1uirern nl 
of lh ( P '). 'l t r ult u p nted nd u tion for further rt rch r h· n. 
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Chapter 1 

Overview 

1.1 Introduction 

'I h uh ity of 
Orbit (LgO) m 
u r comrnu 

in ( 
h I nh 

0. m1 Lo F rlh 
t llit ) will mrunly b 

ci l Lm altitud . 1 h orbit ~ill b 
, th t 111 1 t rut from th un 

. l l 2·•, •xt1.1h I nt 

rc,oluti n per 
· ron t nd 22:30. o 

Iii nin : 10 nd t o l nl ht provid n rly 
40 min in I th 11 2 Jm1 [2 J, [2· ), (22]. 

P rn ( r.on • t of photo\ohllic (PV) rator, M in 
ni B · Unit (Bl ) nd di tribut d re ul tor unit on 
tclli , 1 ir Fi . 2 I. l tcd in th .. tru tu 

in th in o from lop to bouom): 

l . 

,, H I: HMd rn 

d lr.nnin t n and lllrol y l rn 

111 mor • 

, OB .. : 0 ho 1rd o mputu numl r !.? 

OB I, DSP: Ont rd compulrr numt r I Md I> •p mod m 

mm nd: C'o111mru1d from ro md t ti n 

: el n tr , nd mod m 

7. 0 I f~: ('0111nn111i ti n. • tr n mitt nd r h 
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CI/Al''I'Ell 1. OVJ;UV/B\\' 

Figur 1. 1. P rt of Sun t ' 111ech nir I tu1t·t 111 , Drewn by SEO 

. P ·O: Po\\cr aud Optir 

'I h power ) lem re< h it in trudions from the td, t mmarul 11h y tem on tray 
(> and liou k ping ign I re upplicd to the t I 111 t:y ub • t m on tray . Th• 
t I mm ml i lh • int rf c b tw( n the onbo rd rnrnpult• (tr y :J nd I) an<l th 
po\\ r y tern, w II th int r( r br.l\H n ground ronlrol net th• IK>\\C'r ~.> tern. 'I he 
t I nwlry ignal are u f hy lla compute and ground wnttol h fon• 111 ki11 d • i ion 
in controlling th p w r y tern. 

The tRlJ will h locatecl in the p r b •hincl the optic l' ) lind1 r 011 tlw ho tom tra · 
(try ) of th tellitc hown in Fig. I.I. 1 hl• lorl\lion of lhc BlJ i c•,·ident fro111 thi 
fi ur . The fou, ide-p net ar rn,cr~I with ol r ct II lo form ti, PV Gen rator. 

1 he major limitation of l llitc po" r y t m i th amount of en r • a, ilah11· from 
th J>O\\ r 1me (P ge11 rator). 1 ht po\\ ·r ·• h m hould thert•fore h cle ig11 •d to 
m ke mo t elfici nt II of the .-.. ii hli• eru•r \'. ~1 h nir II ·, the "Y t m 11111 t ht• 111 II 
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. ' 

CIIAPTBR 1. OVF.IWTE\\' 3 

and light weight. 

Several efforts in d igning PV pow r y tem., u P. <>p.\rale con\·c-rtt•r for cac:h duty the 
power y tcm houlcl perform. rhi ca11- much enngy to 1, lost in the· c•,ial path of 
power flow. 

The purpo of this the i i to intro<lure ancl 11n11li a ingl rn111po1111d JHJ\\t'r rnn,·rrter 
that t•rves the following purpo c : 

1. P array regulation for maximum power (~1PP I) 

2. Batt ry volta c rt•gulation 

3. Bus voltage regulation 

1.2 Satellite Power Syst em s 

The main purpo-. of the ~1RU i to upply the atellite uh y t Ill "ith pow«•r from the 
PV Gencrl!tor and tu tore the• r maining energy in th hatte t ' tJnit (Bt ). 'I h imp) l 
way to <lo thi i how:1 in Fig. 1.2(1\ . 

The circuit i11 Fig. 1.2(a) rt•pr nl a topolo · wh ·re the J)O\~ r from the PV G n r tor 
i dir ctly fed to th battery ll•ul the I d through ri I cliode. The purp of th 
diode i to prc\cnt the liattery from di d1ar ing into the• P\' cncrator in low in lalion 
condition . 1 h prohlem with thi to1>0lo ' i that the op r tin \Oil c of the PV 
en rator i d t1 rmined by tlw battery ,olt c. hi i not UC<' rily th Ill imum 

pow r point of the erwrntor. A devin• i II led hetw II tlu cncrator n<l th bctttcry 
that will match the bath ry \Olt e and them xirnum pow r point \olt t• oft h g n r tor 
under all condition . Thi d ,ir i callt•d a maxi11111111 pmwr point track r (1 tPP'I) ml 
i includNi in Fig. l.2(h) . 

1 he circuit in Fig. 1.2(b) r pr nh a topology wher all the p,m •r n fo<l by th I 
h drawn, nd th r maining t'll rg) d lh· rt~ by the en ·rator will rharg th~ b tt ry. 
At me lag th hatt ry will he fully ch r I. The ner 't' "ill th~11 be di 11> l l in 
th~ batt ry h at, which i totally 1111df" ir bit·. I hi can b pr 'H·11tcd by rtgul ting 
the pow r lo the b ltery. A b ttcry ngul tori therdore includ :din th po\\t'r p th to 
the batt ry, hown in Fig. l.2(c). 

The circuit in Fig. J.2(c) uppli n unr gulAtccl bus lo tit lo ii, hut th l, tt,·ry i II t 
i olatNi from it. Tor •ulate lht' ~u ,olta nd to i >lat it from the b It r,>. a third 
dcvic i. includ d, n m ly a hu rl'gulAlor, which is hown in Fig. l.J(a). 

With r rd lo oth r exi ting Atcllite pow •r y t m • the 1t•11de11ry OH'r tlw p t few 
year h b n that mor~ d ig11er II tlw ngulatul bu )st 111 1rhitt·t>t\lrt ( 1), II l). 
1 h following d\' ntA of th rt'gul led hu tan he Ii tt~d I ]: 
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' g ' _. -

Cll.\P'I'ER l . 0\ 'ER\'IE'\\' 4 

+ 

Load 

Jt----1 ~t PPT i------+-------, 
+ 

Load 

(b} 

+ 

Lo d 

(r) 

Figure 1.2: (a) Ah k pow1.•r circt11l, (h) A power rir uit "ith 1m ~lPPT included, (c) 
A power cir uil \\ilh an lPP I ncl battery r gulalo!' 

• low and cont roll ,,f ourc impt-d. nn• for I h<- dc:c nlrali cd lo,uJ. 

• bellcr EM u c ptibilily beh viour (low fr quency fihring) 

• b tler our.:- coupling ptrformanr~ (allow the imuhc,11, u. and controlled tra.n!-t ~ 
of nergy from . \'eral pow r urcc ) 

• gr t<-r de·: lopru nt O -ibility 

'I h O\' rall dficit.'ncy of pow , y t m ( Fig. 1.3( a)) comp • ht· cfficit•ncy of th 
aub y tern . pow r y tern that con j.,t of an MPP f (,1.-.1P1- '1 , battery regulator 
('7sR), a battery backup (r1s), a hu r ·gulator (r1n) and wiring ('11\'), will havt• n. total 
ffic~ncy ('IT) of [9): 

[
f.\, + '111f:"] 

'Jr = ,,.v rn · 'IHR · - · 'IR • ''"' R.-., + £~ (1.1) 
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MPPT 

T/\fl'PT 

(a) 

1/ \fl'I' I 

(h) 

att. Rf'gi------t Bu Heg. 

1/Bfl 1/fl 

....,. _ _ Bu Reg. .__, __ _, 

Bs 1/U 

+ 

Load 

+ 

Load 

Figure 1.3: ( ) A f)O , r circuit with II MPPT, ah ll ry regulator and a h11 r ul tor, 
(h) 11111 tri\tion of• ·, pplication of the PPC I . 

wher E~, i the cm•1 • required hy thf! lo cl 11<1 pmwr tor ><l in the 
h lt ry 111trary to C.t!<1ul ptl\\ ·r concliti nin tf'm (1-i 1.:i(a)), , her• onl) a 
in I rouh• for th flow of pO\wr h lwt 11 th, ouru and th lo cl ·xi t , tlu p r II I 

po" 1 co11,f!r ion lt hniqu (Pl'C J l 19] 11 plo):.. par Itel rout of highf'r efhci ncy for 
po\, r no" hclwt II tl11 011m· 1111 the load , hown in Fi . 1.:i(h) ( l'i. /~2 nd I'). 

1.3 Maximum Power Control 

In thi lion th th ry "hich let! lo the d \'elopm nt of th ltlaximum pow r point 
track r (MPP 1) in , ction 'l.7, i Ji u ~ . 

1.3.1 Characteri ti of a PV Panel 

Effi ct of Irradian "e 

, the irradiation l H•I incr I tlu• P\ current I increa5 . The ma imum po\\ r 
point of th pan«-1 incr«- at t p p itive "lop • prop rtional to the irradiation. 
High r irradiation le, I r ult in -.o ialt'tl higher powt r m ima, if th · c ll t mp rat 11rc 

i con l nt. hi tr ·nd al o continu for irr tli tion le\el hight r th non un. 'I h • only 
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6 

paramt"tt>r that influ«•ncc tht• irradiation level of the olAr panel 
the. olar ray r acli the panel [10]. 

the angle by whid1 

Effect of Cell Temperature Variation, 

1 he r II lt>anp raturc of the PV panel i a function of th • in ulation 1,•v<'I , th atellite 
temp rature, the rate at which the rell i rooltd a11<l the way the p nd i con.,trurt d. 

n incr • in rcll lPmpt'r&ture will r • uh in a lowt"r op II cirrnit voltag and a lower 
maximum power point . but or.illtcd •·ith it i. a Ii htly higlwr "hort-rir uit rurr nl. 

'I he comhinoo ,,ffoct of cell t mp~rl\lun and irr clia11n le\el can gr<atly affect a\ ilable 
pow r from the PV gent>ralor. IJ · 11 ing maximum powc-r rnnt rol ome J>O"-t'r lo ran be 
Moided (10]. 

1.3.2 Maxirnum Power Point Tracking 

'lo ohtain 111, imum po\\ r output from n rray of photmolt k cdl under d 1 ngin 
in olnt ion and tc mp rature rnudition , it i II .. t ary to u cirrnit to optimize th 
electrical operatin condition of the r. ,y. I hi circuit i r. lied m xirnum po\\ r point 
tracker and normall) <iOII i t ofa J><m"r lion 11<1 a control tion (W]. A m ntion I 
in I he J>t"\·iou J>ArA r pit , th J)O\H r ection i iI1corp r h •d in the compound r.om !f'ter. 

o.~ -lilt 0 ,15 - Pmn = 
... 
11,1 • 0. 1 0 

0. 

"ii 0 ,0!\ 
t.,.) 

oi 
0.7 0 .75 0.8 0.85 

I 05 
ell \olt I (V} 

Figur~ 1.4: MPPl loci wilh in I lion and t mp ratun• p ramet 

'I he objt-cth of tht• ronlrol th,n i to control 111<1 p ram ter of tlw convertt•r, uch 
the dut · <:ycle. in uch a way I\ to ''f' rat the nhotO\olt i array t it ma 1mum 

po" r poini. Prt•,·iou ly u, d method of ad1it \'in thi cal ind11t.l volt •fcedh rk 
and pow rt lb ck mcth, I [19]. 

Stellenbosch University https://scholar.sun.ac.za



CHAPTER 1. OVER\'IEH' 7 

1.3.3 Voltage-Feedback Methods 

The simple~l control method is lo keep the array near th• maximum power point by 
regulating the :may voltage and rnatC'hing it •o a fix<><l reference voltage. It is assumed 
that !\tl}' variati,:n,- in the iosolatiou and temperatur(' of th" array are insignifkaut, and 
that the constant r •fNcll<"<' voltage.• i an .,dcquat(• approximation of the true maximum 
power point. 

A step further is to vary thf' array reference volt,1ge according lo variations in the array 
t<.>mpcralur a'ld in:-ulation. On way to gel information rt-lat<'d to array temperature 
and insulation is lo measure • ht> array or cell open-ci rcuit voltage. This can be done by 
u~ing a mall op •n-circuikd rrfcrenre cell, electrically separate from the rest of the arra) . 
For a ,;at •!lite, a rPfercnce cell would he diffirult to u e, hecau!)e oft h U('t'<' ity of leaving 
space for it on the olar array, and problem!) in makir.g ii adequately representative of the 
entire array. To overcom<' the P problt>tns, th<' actual open-circuit array voltage can be 
mc>asun•d by momentaril} interrupting th· normal op<'ralion of the array and thf' \1PPT. 
lt is found that Pttiug the rPfer nr~ \'Oltagf' to a fixed frac:lillu of thc- open-circuit voltage 
r ults in adequate trat·king of the maximum po\\t'r point ,wer variation" in in-;ulation 
and temp,.ral urc [ 17]. 

1.3.4 Power-Feedback Method 

A controllf'r which dirr.ctly finds tlw <tet11al maximum po\\er point, ini-kad oft' timatiog 
it from mt>a urenienh of other quantities, ha tlw advantagr. or heiI&g in<lrp<•ntlcnt of 
any pre-viom, knowlt•dge of thP. array characlC'ti, tics. Such a contioller neC'tls to haw a 
rnea~ur<'nwnt indicat ivc of l he arrl\y f><>Wi>t, and an algont 11111 implcml'lll<•cl in soft war , 
or hetrdw.-,re to find a local power maximum. 

~!easuring Power 

Since the initial objectiv i to operate the photovoll ic array at its maximum power 
point, many ystf'm. mN\, llre Md maximiz<' lhl' pow •rat the pholovoltai arr y terrninalt1 
[91 The controller in [9] u e a lo\ co t rnicroproce ·or. 'fht• array \oltagc and curn•11t 
are rn a ur d at th<' input of the convt>rt<'r anrl digitally nrnltiplie<l to repr •sent the array 
power. Thi value form the basis of the ~(PPT loop, sinct- it i · u. rd in a ba. ir hill 
di:nbing algorithm to follow th maximum power point of the solar arra}, Pul• w1dt h 
modulation i performed in . uch a \\ ay that thf" volt as" 0£ th<· loade<l solar array is at 
th~ maximum power point. 

lt 11, more important, however, to maximize the actual u ahl<' power: the output power of 
the MPPT. 0( pile lhe theor<'tical dvantag of n, Muting output pow<'r, the penalty for 
nl<'asuring arra) powt-r i \'NY small . and thcrefol'<' c-ilhe1 ran bt> ui::ed. Thi" i" bt.-c1111 c 
ty1>fral ~1PPTs ar v ry high in <'ffirieu9 ou•r a wi,h.• ran& of op<>rating point., nnd 

• 
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maxirna of input and out put powc•r ocr.ur \ ry r.h I' to tlw ame point [I 9]. 

The array power t:an h me ured by multiplying it voltage and rnrr<'nt. c•ithcr with a 
micropron or or with an analog multiplier. 111 eitlae1 c e, the c-omplo~ity, expPn , and 
pow r rec1uir<'d to me url' and nrnltiply the two quantiti arc und irahle. In [10) it i 
point d out thAt with a ball ry of approximately con tant volla c for a load, the output 
po\,er c1111 he ma. ·imized hy ju t lllAXimizing output curr nt . 

For many load , a \'Oltage m<' urc mc•nl would work f!<t11ally wdl !, th • me urc11lt'11t of 
the CtHll'llt . llowcv r, in the c~ c of a battery b<'ing the load, the .\IPPT output voltage 
chang rel at i vcly little with ~lum.~ ~ !, in out put powe1. whereas the output r.um•11t vari 
trongly. Furthermort", me uring tlu• r.urrc•nt output in tcad allow-. many MPPT output 

lo he co1111 cl<'d in parallc•I . In th<· ca e of lht• compound r.011\'<'rler th bAtlery and the 
con t11nt vulta ('_ h1111 are two p rAllel output of the ~tPPT. 

1.3.5 l\1aximizing Algorithm 

One gt"neral Appro rh to the problem of finding l\ local maximum of m1tput powt•r by 
dju ting array voltag\• i lo •11 • tlte d rhative, ~. au<l to u c• fce<Jb, ck to force thi .w,.\; 

<1111sntity to zero. Variation of thi h<•111e arc• 11 I in many puhli hed 1,1axi111111n power 
point tracker deign . One rn111111011 , riation i. to di pen ,\ith explici d<•penclcncc 
on V,.\' , And to direct I • 11 • " co11trol parameter in le d , uc h the• cluty cycle. The 
derivative 11 l i th<•n d~f? , a11cl thu 110 i1111cr fec!ilh rk loop co11trolli11 arra • volta c· 
i nt de<l. A di cu eel in the prc•,·iou lion, Pr,• i also not u cd explicitly. l'h 
dc,i,,,th1• ar.tu lly u di '~. Thi m thocl i u c<l in (l!JJ. 

A new implifiNI control trat '6)', h e<J on r itin• fecdh k control of tlac output cur
t nt, w intH,duced for the ~1PP J jtOJ. It h a high r<•liahility, hec.au of it low 
complexity. 

'[ hi controller II c a implc control lctw, whirh rt•prc nt th• output po\\cr characteri • 
tic of the J>V array shown in Fig. 1. 1. It i. obtai,wd from a signal dir ctly proportional 
to the output C'ttrr nt of thr conwrter, which i al proportional to the power output 
of the convert r to the balt<'ry and to the lo d, h cau c the hatter · volt e I lowly 
dumging and th· output volta e i kept con. t11.11t independently: 

( 1.2) 

where A·, = ~ and k, = ~ and ,,. 11nd 'Ii i th <'(j11i,·,,lc11t power conver ion efficiency 
of th<' con\'nrtf'r to th«- lo d and to t II<' b llcry r pt-ctiwly. 

1hi 1PP1' w implcmented a in [10), hut it w not sun· ,ful and the throrc•tical 
analy~, of thi ide-a. le-d to th~ d~,·clop111 nt of an MPPT ha e<) on ru• tiw f, <lhack of 
output powr.r. 
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1.4 Parallel Power Conversion 

Using the parallc•l power co11\t>rsio11 lt>rhniqu" (PP 'T), a technique for ~laximum PowPr 
Point Tracking (~l PPT) was imroduccd, employing a capacitor in scrit· with th<' P\' 
array and tht• haltt•ry unit [!>}. Fig. l.f> showi. the trdiniquc :.clt<'matically. 

Convctt('r 

Figure 1.5: ~IPP I wilh capacitor iu :wric, ,,ith PV dtray and battery 

~to t of the ti,w-• tlw ,·a,Mcitor Cc is tltf' clt•coupling C<tpacitur al th1• iuput or tht• COIi• 
\CTln aml no <•xl1a caparitor is 11c1•cll·<l. ~laxim111n po\H'r poiul trad,i11p, i, p1•rfo111u~) b~, 
ront rolling l he• C-Oll\'crtr.r out put r11nf'nl to load I h<.> I'\' array in ,ur.h a m,11uwr as lo keep 
the PV arr y at it maximum po,,c•r poiut. \\'lwn 111(' caparitor ,,,It, gt• i ~-. for in tan,,., 
i ecptal lr, tlw hatt,·ry ,ohagt• \In. tht• pow«•, drlh<'rc•tl to the hattcry f'<j11ttls tht power 
clc·li\:c'tt-d lo the c, p citor. Under thi, CUll<litio11. hillf of tl,c PV power i supplied <lirt·ctly 
to the hr11trry I'll 1111 effi ic'll 'Y of 1w rl:, 100%, if the <"onclurtion lo t' of the c;.bling ;ire 
ignore J , \\liilc• the otlwr hc1lf i rnu,·t•rk<l lo tlw l>dth•ry by 11wr. •1. of till' pow1•r com-ertc-r. 
\Vlwn 1111' Wll\t•rtf•t in Fig. 1.r, opt'l,\lc• .. at i\11 dlkiency or 1/m• th. t•fft•t tiw PV l'Oll\'('tlt>r 

dfit ic•t1t")' 1•mployi11g tlu• Pr<' I (r/,.tt) ca11. iu ge11i>1al. lw writt<·n a follow, 1 [!l): 

= 
VHlc + 11m \<. /c 
(\" + \111)/,.,. 

l his me 11s that the <'fltci« ll" • impro,c•111111t ht·romt- ,i 11ifk,111t \\lll'u tlw c1tp.t<'itor ,01t-
11gc• i Ill ll<•r or rqu I Io I h, h,,t tc•r) \Olt11~1• l9J. flw S PS P\' 11rrl\)' cnn,ists of t•nough 
1 II in t•ri~s tom inti\i111\11 •""<'r.tgf' P\ ,0H11 , (m,1xi11111111 p1>\\<'r) of :!t \I, ht•ta\li-t• tlw 
hattc·ry \OIi agp i~ nomiMI l :! \'. 
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Figure 1.6: 'ircuit dia ram or om pound ( 'om·crtt•r 
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J I 

1. 5 Develop1nent of a Compound Converter 

The discuss;un~ i•1 the J,r>•\'iou , <'tion INt lu tlw dPv<•lopnwnt of tlw nm1po11ncl run• 
V<'rler. Thr. c1•n,it ctia~ram ,r the {Outpour,<l conn·ttt'r j., shown i11 Fig. :u, l'h,· loa.d 
current COO!ii t ol <'urr< r t •,1•ppii, ,I liy tht• '-olaf ar;d) and runent upplicd by the hc\ltr.r) . 
H<'fi-rring to Fig. :J.I, th• i,•t• · .:t,.: 1q1r c;.n lw writtt•n a follow,: 

(I.I) 

wberc "• = ~ and 1lJ = &:i... F1om t3. I) two states of th-- comcrt1•r can 1,., p cifit d, N~ ?-.s 
mun ly when J 8 i. po. it ivt> or z ro and 1wgRI h <' respcdiv,•ly. Th,• a1ldl) sis and vnlh1 i. 
oft he rnn1pound ronv rtcr i detail d in 'haptcr :J. 

1.6 Summary 

'( hi chapter "• an introdHr.t1,1~ to at~fHt,- pmw•r ~> h•m~. Aft , looking at t•,·,•ral 
topologi~s of ftOW<-r s ·str.n,~, t lu • 11 ish II w. • 11111d to tM' a I ovvk1. · l an isling of ct 

maximum power puint tra,kr.r, a batlt•tr r•'1rnltttur .ir1d a hus ,·olt"~t• t ~ul tor. Th 
C"OU\t'IIP.D i1avr th~ disiul\'anlag,• tl: t thc·y 1lc:~, rt', •t• 1111 r llici,•11,·y of tlw i''JV.c t ) lt'lll , 

By using at"ompou1ul romcrlt•1 tl1M rnak "II l" of ,he :,ar1tllel pm <'I com· •1 ion h<:ht1ict11e. 
tlw jm for then• I of thi. rtw i i lo i1,nc-rue th • t<,tal yslc 111 dl1ri,·•1 y. 
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Chapter 2 

The Sunsat Power System 

2.1 Introduction 

'j h~ un I PO\\C'r Sp,lc Ill (~ J>',) hlork <li11 I' 111 1, hown in l'ig. 2.1. 

J>V (, 11c•rator 

ffi 

ffl1 

ffi 

P,uwl • Y 

Tel1 111 try 

Tf•lec·ornnuuul 

r- --- --- --i-----1 
I 

~lain H~ ulator l nit 

0,16 V 

OB('2 

l kvonun 

1 l IS 

co~, 1s 

Figure 2.1: 'I h<' Sun i\l pow...r ) sl<.'lll hlocJ.; <fo1 ram 

'I h,• PV Ot•nN tor intf'gr11tNJ \\ ii L the nu fo11n. th~ rou• of the• pOWC'r y l(•rn. Tht• nr 
upplit- t ht' load du ling c-dipsc• inh·n, ls and help I ht• P \ gc1wrntor to mt •t t ht' pt-ak 

11 
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I d. l'ropN iziu aucl op r, lir• mod of tht> 'PS n, ,. ry im1>0rt 111 . f~1r the ht l 
p il,li pt•rform 11 C' cf 1)0\\1 f ) lt'III, po\\t f imul lion I U tc~I. 

f h ppr pri le• iw of th l'V mt.) 11,j th,• h u, ry r" ,Ii, t ted l,y th foll >win 
fNfUir llll'fll 

I. I d o, r on orliit 

.!. Pc k lo d o,c r on orhit 

J. Pc• k J>O\\ r output of th t, tt r 

\hility of tht> b tl r,> to Ujlp rt thi.' I d i r th \\h It• t lip 

1. A hility of l h PV rr .) nd b tt r tu joint I) upp rt th 

he III in re tr,cti n in th iziu of the po t• h · 
tcllit •. l h fir l lcp in th 

hu • "ith · 1i1 
,,. to ml\kc p n t t 

l h Bl and 1H ch n ' o u ion . 
from th imul 1 1 t J>O\\l't ut 1 1111p rt nl in I h P 

2.2 PV n rator 

iut n I 

k ,i m nd 

tr.p 
l of 

r tor \\ lo dt ult' 111>011 tlw II m t<>ri I to l " 
ilic n cc for m, I fl ft brt u 

bility nd >ro, n · 111 r • 
popul r, l 11 p 111 

to r di · ud • · to I Indium 
ph ph u/>) 1il r to ,a 
r di ti · n · no, anomic Im 
therefor not frequc hofoc of 111 le:i I to u • . 

I h rn jor uppl' 
r ti 11 ( A F..C Al 

h up1>li 
till in or 

h dou much 1 

U~A1 -F, ~11 I 
PV < 
t oS; 

in the n 
I,, In Euro 11• th 1111\ 

._ 1111 l I Ill l I 

f h only rc•a a, ii hlc• for thc PV (:, nrr tori 1111 the four idt'-J) 11 I of tlll' l<'llit • 
flu• PV G •n r tor SJ ih tio11 in ,\pp. B ,,l.'11• 00111p I h~ u"i11 tl11 d t of th Cl:.V 

. 

------------
. ' ~ -- -------=------ -- - - - -
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(,'<11\ ,tar n•ll • ancl filling tlar ,. rt•ll 011 to tlu• in11ilahlr, rl'a, A graphic I prt• <'llti\tion 
of thf' comp,, ition of tW h PV p 1wl, with it c•lr•<·trif"al iutc·rfoce. with tlar. H t of thc• 
· p ·. i hown in tli<? chr.mati · clia ram of App. (,. 

2.3 Power Simulation 

1 he, 1,11 at pO\\t'f ) tc•111 ,,. 11nul h•cl h) ,Hitin imul tiun pro 1 111111c in Turbo 
Pucal1 in orilc•r to do propl'I izin uf th Bl and the ~IHU. It w al o import nt lo 

if th1 PV c•nt r tor ran prnduc,• c·nu11 h c•1wrgy for all the ,-uh ) tr111 • 

llu•h t to i11111lat1 thcorl11t,u1clfootp1i11tufth1• 111t•llit, w•lla thcbordtr 
1tcn1ratc•ly po ihlt•. Fu,111 h,•u• the• lo cl pwfilc• could h • imul led, 

th" pro ramme k11owi11 \\hen ear.It uh · 11•111 \\uulcl tlJ>f'1t1lc• iuul th,• amount of cnf'rgy 
,. h ) tc•m \\ould u in 1• d, 1• i io11 in the orbit. l'h1• c tlat ,, how11 in 'I hie 2.1. 
Pon i the- pc•ak J)O\\t•r. ' ~ i dut ratio or 111 ximum f>O\H'I OIi umption, cla) b 1 wht•11 
the I 111 cl not op<'r lf' durin , lip e intcnal , I.M11d, 11 t I,, l,oncl, and l.ouwh 
n• th borclc•r for 111 · i11111111 po\H't 011 umption, P JI i tllt' pO\wr 1·011 11111ptio11 f, r the 

r t or II orhit ml , .. i the dut r tio in thi JI rt. 

I h f>O\\ er pro,.luc I b, th I'\ (, 'tH'r tor , 
k110\\ IP-d , of th t>ff e<:t i \ l-. , , e, m de up Ii • 
\\hich the ol r r rclt<h thcp nds (¢,): 

•• I 

irnulatcd accorciin to th• pr 
r <'II ( \) from ,\pp B nnd th 

(:!.I) 

h' i th 
r ' Ill 

111 or th· 111011111 of po\\c•r on I m2 p ff> ndi ul r tu tlic· in oming 
, hi(' of h ul I Hr. 

Mo l or th lliu Oil I I lht> PV" nd i ll 11 'lu u I' tlit• r.dl can only f.Oll\Crt 

Ii ht in r.c,t ic Ir II f' to •r"'· l he rt t of the cu r ,. i di ip. tc•d 
lw t , ,\lso, th cffi i1~1cy i, h J,•111. By II in d ta f111111 th,· 11•1111>•--r tur,• 

i11111I ti II I 10) writ lt•n in H tlab ifoct of n•II lt•mprrat 111t· \ 1111 IU<I• l. I h • 
ti lion of tile' panrl \\ithin I im:luch~I. 

'I he p th the po", r h to fl ,, w i11111l ling th t·lhci1•11< • of II the 
i>°'" r t011, rte, I clifi I nt pm,c•r point . I hi '"'" c.lom• h liur, r ppw ·in, tion of 
th cftit i IH') c·ur, t • 

Know in "hat pmH•r i a, ii hi , t ht· pro a 1 
in ordt r to gc•I tlw po,,cr "hkh 11111 t 111• tn1 , 
po\\ r in lim • th t le of d1 r c of tlw h, t, f) J oht. i11 41. 

1 I rl nd 
1 \lath\\'or~ lne .~ tar \1.\ , ls,\ 

puwc r we c! d h) l ht• lo. cl 
unit. B) it1l1 1ati11 thi 
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CI/Af''I'Ell 2. 'l'IIE ~l NS,\ I l'O\\' IW ._)'~I fM 

Unit I'"" w d y 
2.G 0 
0.11 I 
o. 0 .( 0 
0. 0 . 0 

PV 1111 S II or 0.5 0 ·' 0 o:u o.r; 0 -00 r oo o.· 0 
~la 11 ·to ~I •tcr O.;, 0 
~l gnt>to Torquer .u 5 l 

HA~l 2+1 HA~l 3 r.o 0 1 Ima er Digital 100 I 'B 0 
2.5 20 0 
2. 20 0 
0.7 100 0 
0.25 100 0 
2.21 100 0 

100 0 

100 0 
2 100 0 B 1 
•l 100 0 B 1 F'l 0. 15 100 0 'B 0.225 Vlll· I 0 5 100 0 n 0. :l5 SB1 '> 100 1 \B 0 P/ A 20 IOO 0 \ 'B 0 HX ·y11th 20 0 0 . 

' 10 0 0 Op Pow r 100 I l) 
PO\\ •1 2 100 0 0 HPMl ion \\'he I 15 ., I 0 

... 

Tab! 2.1 : l\m1•r cu11 urnption of 111) y I 1•111 
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16 

I. tcr the i11111lat ion w inrnrporati•cl in t ht• u\1•r II ·,111 t i11111l1tt ion [.NJ, "hid, wn 
written in SIM11 \\'Ji\0 , a ~1ic.rosoCt Wi11<low 4 pplkation. SIM11 \\'IS i a complctc• ft 
w r • n\'iro11mc11t for tlu~ imul tio11 of 11011li11en1 cly11 111i · y t m [.JI). It i on«> of tlu· 
1ww c•11erAlion bll k-clillgr m-h ,J imulation I II ua 1 • 'I hi i a more• ccurate imu
lation, I u fr.\\l'f appto iml'ltion arc m cl · , e.g. lookup tahl, 11• u 1 <l to implc•tnl'llt 
t 01ci II )' CUI\ , 

I} tail inform tion on the J:O\H t i11111lation c·an he• found in App. E nd in [I), [37). 

l'i . 2.2 i t •pie I output of the imul tion without lo cl 111 ua c•mcnt . 

'J h fa t out put h w the• f>O\H'r upply from th P\ (,e1wrator. It i cl r t It t th 
tcllilf• i un y11d1ronou , bccau thr nu f>O\\er c·un repe I it If ,Jurin each 

orhit ( n I bet\\ 11 orhit awl incomin r ) i con l nt). 'I lw 11111 ·inwrn pow1•r upply 
0 W , whil ~hr minimum pm, r upply i 20 H'. 

'I h oncl output i the f)O\\c•r cl m ncl of the h•llite. I he pc k Jk1\\ r dem nd in thi 
un· i m r" tlurn 1 l':O W . l hi i too hi h compared to the \c'r t' load of 20 11'. B • 

doin pro1> r I d 111 11 cmt nt thi , lu ho11ld I,• limilf•tl. 

I h thucl output · ie t ,,. of , of tlu h ttcry. It c II he •n that if pe k 
1> on umptiou ™ un; • 11 the• b ltt>ry i clccplv di h r cd tit l it 
n bout 14 orbit The p \\Cr con UlllJ>lion houlci th, re•for bt" limited 
duriu cdip by m II of propt•1 I d 11 

1 hr• fourth out put i lhc p it io11 of t ht' tellitt· 111 it orhil. 

2.4 Batt ry nit 

h b tt ry unit "ill h ,,. uo111i1111I ,olt of n \I. hi ,·nlu h I, 11 d1 en he u 
th b tt t) ~ill It• ,lire ti · 101111 tc•d to the bu in of MHU failure. In tlti modt• of 
op r tion, th ub) t, m houlcl till h LI to 01>erAt«• fmm th,• h tter · oil •c . from 
th po\\ r imul lion in • ·tion 2.a the p,cit) of tlu· b, tt ry "• dc•termi11Nl to I t 
I t cJAI,. 1 he h Iler) h II th"rt f n• <"OIi i t of 11 1.2 , , ct•II , r ch rated t t le t 

\h. 

'l ht" fl tht• BU w to d d,Jt 111>1>11 the d1 troc.h,•mk I le 111101 \' 
to u • 'I h thrc " i tin l h•10I i for 111. II tt llitc 11• nirkrl•c d111i11m ( N,Cd). 
ni k••l •m l I hydrid (Nd!//) nd ni kc•l-h ·dr cu (N,11,). NiGd, of cour c, i tl1e 
old l t lmolo , ncl 011I • one upplicr' ci t b {1'1) 0011tai11 a total of I ti p re•{ raft 
,,ith appru ·i111ately 611 tot I mi ion )c of uru fut N,C,I pe•rform n without A 

1 or<I, cl fl\i111w. N,M II i n c•m r in t 1111111 • lla t llpp , 11111•111\hlt for f>O\\'c•rin 
111 II p I raft . 111 thi tee h11ulo \" lh t:Adrniuna or llC'g th,• t•lectrod from N, ti i 

h 

- - - . _....... - - - - - - - -
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CJIAP'l'l:U :l. Till~ 'l NSA'I l'O\\'EU S)'S'f'J:.\I 18 

r<'placed hy the lll<'tal hydride el(•ct rod(• lo form thi" <'Ir.rt roch<'mic-al couple•. N d\111 
provid<' a r<'duction in l,oth wt•ight and \'olunw a romparcd to NiC,I technology. Ni/12 
i another rnwrging t d111ology that app<>ar~ am •nablt• for p<>W<'ring mall pacc•craft. Iu 
thi tedmology. th superior t·apability of th i\'i Ill clt•t·trodlC'mi!-try i romhi1u•d with 
the implicity and rohu t11t•s•, of Ni ,J packagi11g tedua,logy. At 20 7c dt•pth of di charge• 
(DOD). the numher of charge di d1/\rgc cyclt r lw cliff,·n·11t tcr.hnulogics i follow : 

• comnw1< ial i'\'i('d: 2 500 

• f)I\Ct' qualifit·<I N1 ',/: 15 000 cyci,•11 

• N1 M II: 21 000 cycl" 

• N, 112: (i I 000 cycles 

'I lu• <'Xp<'cted lifc•tinw of tlw SPS is 5 year". Thi m an th, t. acco1ding t S<'ct iou 2 .. J, the 
U will ha\' appro.·imatdy 111 000 daargc-di-.r.hctr t• eye It~. Mo l of the tim,·. how \'Cr. 
the DOD will he rnuch I than 20 <;{. 

The: next tcp in de igning the BU w to rnn idcr <liffrrc.•nt upplic r ' pro<l1u·t . The 
main upplicr were ronta h d. with the following r r,011 c' : 1 h lll>t H raft t t•ll H· too 
big for the 'PS. Yardncy aud Eaglt• J>ir.her can uppl) 'ill1 rel! , pt•1 foci for th SPS. 
Due to a lack of funds, the• NI d le chnology w ch , en, ht·t auo;c SA Fl can upply Ah 
cell at a pecia I price. 

By u.;ing the data of tht• Al''J' Ali hat It ry rt•II , the BU 'pr-cihcl\liou in \pp. D 
were compo t•cl. liJ. [1 ] •. [If>], [l:l) iUld [:lh] cont in II fol information on battcri . \ 
graphical rt'prt•sc•ntation of th, hatlt'r) comp ition ,uth it dN:triral int rfact with the 
r l of the SPS i hown in the dw1m1tk diagrams of App. C.: . Nutt• that ad1 ~11 ha 
a pa,allcl <lim¾e to pre v nt ny 01wn-drcuil failure. 

2.5 Main Regulator U nit 

'I he char, ctt>ri~tk~ of the> mllin r gulator unit (MHll) i. dt•l ilc•d in C'haptc•r 1. From the 
pow r imulation it i cvid,·nt that the• appropri tt iz,, of tlw ~IHIJ i.. folio,\ : 

1. \er gc load o, r one or hit: 25 IV 

2. Peak load ovc1 one orbit: 100 W 

fhe nucleus of the IRU i the ompound Oll\Wt r (CC) which will lw, nali. d, d . 
ign«-d and te t<'<l in the• following chapters. 1 ,rn of t ht>,,• con,·Ntc-r (A and U) \\ ill h, 

u ·cd in parallel for r<'dundancy (no ingle•point f, ili11<· ). Thi-.. c n b,· do11e hc•t'l\tt-..c• th 
compound converh.'r i~ much 'll llt•r t hnn pa, at t' n>ll\t't 1t·1 in . l'ri s arc. E, ch conw,. 
ter will he ble to handle i0 % of th p ak po\\t'I con 11111ptiu11 Only one C'C>ll\crl<'t \,ill 

,,, . . . 
. -. 
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CJ/APTER 'l. THE Sl'NSA'J' f>O\\'EH S)'STEM 

Signal Ocsrriplion 
REGSD_A rrgulator A shut-do,\ n : 
RECSD_B rf'gulalor 13 hut-clown 
SP J3ATT1 PV gen. 1 bat t. C'OOIIPCI 

SP_HAIT2 PV g('n . l ln.lt. rnnnc>ct 
BATT -+11Al hatt,,ry +14VA connect 
BATT_+ 1 lt\2 ba ltrry + l 1 VA ton n<'ct 
OATT_+J.101 battery + I IVB connect 
BAT'L+l 182 battery + 11 \ B couo<'ct 

Table 2.2. 'lel<.'commanJ Signals 

be in op ration at uormal load r.on<lition~. l p~,,J.: load the .ecvnd converter wiil auto
matic-Ally slMt operating. Thi<i is ,.t"complislw<I hy rrgulaling the two Luse~ somewhat 
<liff<'rf.'ntly and con,wding lhC'm through <li<>clcs. lo case 011t• conv<.'rler fails, th<' othPr 
conv<'1IN will hr. alilc to suppl) iO 1X of the pt•ak dt·mand to thr. subsysi<•ms. ,\ fail-safe 
mode i-. al -o included for ,dwn both r<'gula:ors fail. This implies that the unrC'gttldk<l 
battcry-voha (' •,·ill ht> a,· ilablt' for the distribult'fJ r,•gula.lor . 

Tht• c:tnh· of th \IR l is dt•l<•1mi11<'d hy I he I 1•l«!'fomm~ 1HI signal:.. In """' some part or 
thr. entire ~1 t<l ' fails, I h<' tdC'Conuuaml \\ ill i,witch powt'r through an all<·rnat iv•• .-oute. 
The func:tional de rriptio11s of tht! 1, lt-rnmman<l -,ignals an• 1:-.h•d in Tahle 1.2. fo the 
y tcm block diagram (Fig. A.1) of App. A tiw tel<'romman1l switche~ an• hown. The~,• 
witches con isl of p•rhauud MO.~ FF'Is ~ dS powt'r switc:h and a simple drive circuit, as 
hown in Fig. G.i i11 Ap1,, G. 

The t<>lcnwt;y i.cn.ors 111011ito1 thr. conditiou of ilw power syst«•m and l\~ also part of 
th~ MHll . Th<' functional de r:riptions of tlw 1<'lt•m<'lry s<•nsors arr. listed in Table 2.3. i11 
th,, syst<>m block di.lgram (Fig. A. I) of .\pp. A th<' kl metry 1>1-'nsing point arc t,own. 
They con. isl of current, voltage ,tnd t<.'•llpt•ra.turt' 1-cnsors, a hown in Pig. G.13 an<l Fig. 
G.14 of App. G. 

2.6 Power Distribution Syst m 

There i a 111pid growth of distritmt<'d powf.'r nrchitt•durc i,, sp:tC't' c!C'ctronic sy::.tcms 
(30). Di tributPd power architc-ct11rc" 11•pl,11·<> multiple t<'ntral power ·ourn•· ,~ith a i.inglc 
bulk upp;y which i convert('(! to th en<l u. P \'oltagr. by ,k/dc convrrtl'rs loc tt•d at 
the point of need. 

In thf" Sunsat distributed power y1>lem l'ngin ·rs powrr all the ~ub yst<'ms from II ingle 
+1--1 V bus and a central +12 \' b,1llery bank rnlht•r than from rE'<lnn<lan v.iring for 

1 Melal-oxitlt-- mironductor IM<l-efTt't't lrftll!li~tor 

. . ' · .. ' 
.. ~ ' . . -. 
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CIJ.tPTER 2. TJIE SC ,\.~,\T POHEU Sl' 'Tr:M 

Signal 
LSP_+X 
V ..SP.+X 
l..SP .-X 
V.SP X 
L5P +Y 
V..SP_+Y 
LSP. Y 
V . .SP.-Y 
V_H:\TT 
I.BATT 
'J' BA'l T 
V +11V 
L+J t\' _\ 
\ .+11\ D 
L+ 1 t\' _8 
I'.REG.A 
T.REG.D 

D<- cription 
pa,wl + X curr nt 
pa11<-I +x \Oltag<· 
pa1u•I X rurrent 
panel -X voltap;e 
pand + Y current 
panf"I + \ \'Oltagc 
panel 1rrr.11t 
pant•I Y voltagf" 
hat ler) voltage 
hat tt-r.)' c:urr nt 
halt ery lt•m f><'ra tu re 
rt•gulator A volt age 
regulator A current 
rf"gulator B volt age 
regulator B current 
r<-gulator A l<'mp 
rf'g11lator 8 temp 

Tahlc 2.3: ~ lenwtry Signal 

20 

eac-h \'Oh, ge le,c>l throughout tlw atcllite. In additiou to su,·ing wt•ight and pace, 
thi architect urn h,ts macfo it casin lo dt ign and upgra it• t•parat c ,uh )'stems without 
lll;\:..ing complf"!t• c:h.ingc lo merall y trm wiring I'hc 11 <' of COll\crfrrs al o makt it 
ea.-.ie1 lo rn11trol tit<• quality of power. De/de rnmt•rters can provid • ,ery dose rt'gulation 
of output \'Olt~ge in pile of fluctuation in i11put ,oltagc l'.11d lo d, an impo I ant fcnturc 
for many 6e11 iti\e ubsy tems, 

fh ~hift toward di tribut d power is al,;o !-.llpported b) fun<lam,-11tal cha11gc, in th· kinds 
of con1pone11t going into «•l<'clroniC' ,p,tcrn . l11 th<.' Sun at project 'M() i tlie mot 
common t<-'chnology for the VLSI systems. With C~IOS dt•,·ic-c throughoui. th(' sy. t('m, 
many board, n•quire +5 i' a w II &l. + 12 l'. Mauy other voltage arc al. o rt.'<111ircd. 
This mean that more central power suppli"!I art' r<'quir d. 

(' lOS pr nts dt•ctrical charMteristils that c-omplkat tht• d ~ign of rcntral J)O\H•r 

.} l<'m.. 'MO~ circuit u. c p 1\\'t'l <lutiug. witching l,y d1argiug and discharging para.-.itic 
c .. p citanc- , cau!ling step function load ch 11g s. Ay placing tlw pow,-r supply • t the 
point of n d rather than in a low-,oltag(' C-f"11 raliwd pow<>r •y lt•m, potcnti I probl,·m 
from di!'ltriLution pnth i11clurtann•, arul I, d.:p1111d and counC<'ter pin impt"lan('(: : rt• 
minimizeJ. 

111 ordt'r to u e centralized pow<>r yslcm'I, ont• sho11ld provid • , 11tral suppli t JI 
the different voltage n ll·d. a central filtt•ring, nd tlwrmal 111 nag<'m<'nt s; tem. ,uul 
int rconn('{t wiring to the board .. For the distribut<•d power ,·t•r-.ion of the ~ 111t• system, 
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IJ 1'1 Ul 2 
• I 

01: e ntr I 14 \' 11omi11 I hulk upply i p111\ ided, 1u1d de/de l·om·crtcr upply the 
l>O\~ r lr.,cl nN~ d at th pp,opri tc ,olta c . When a hoard 11eecl multipl1• \·oltng , 
du I or lripl output arc used, or mor packa arc• u~ d. In tfi,. di t1ilnHro .) tcm, 
m l of thr c m·erte r rl ed 011 1, inglr. board for which t hc•y an· 11pplyi11g powf•r. 
1 h 1•11er • 1•rincipl of di tributed l>O\\cr d ign arr tr i •htfornard, but two ignilk nl 
problc1m mu t till he oh-c"I "h II po• r uppli r,· mm· I from central location lo 
th poit, f u 

'I h first of th t• i noi • Wht>n •,ernl "itchin I O\\er uppli are pin din the .) tt·m, 
co1 ducted llllrl wff l l d rippl from the con,·r, • th m eh need to I,· rn • ur<'d nd 
mntroll, d . 

he 011d I h l . \\'h,.11 f)O\\c-r uppli re omp 
on · , C'Mc hould I, t k u that h at rincr 
i ( 

cd into mall c:. and mounted 
l d du ri n th om e io11 pr.>cc 

Io ,er di tnbutaon y tern i done i11 (3.'i). J\11 ex mph• of the di tributcd 
re u: tiou i i\ n 111 1\pp. G. Th \ It ,. 11°\I'] n led 011 the diff<'rcnt tr y an• hmm 

in th po" r flm di pp. A T. ble 2. i n umm r · of th 110\\ r 

111'! , It e It, •I 111 dl'd by the uL .) tern . 

2. 7 1, v.r r 1an g n1ent 

1 he P\ ' th th<' 13 hould upp rt lite le ,t durin th unli ht 
per rn II u1v•111 111 y I <' C' Iii I in if t!at• dcm 111d i hi her them t ht' 
lll r.) to drop Olalf' of the lr)ltcl • 

Som ll 

J h l>O\\ 
pm r lo h ucllr. th 

· rcqu · · 1 r for a hon • 
lo to up1 ort 1h 

h II picl ur r t ken. 
11d to pro\'idf' cnou h 

Du f th ()0\\ • 1cm at i I II ... ·hen h<' look t 

n lion of pu t p mcnt opportu-
111. • n o um i lo de d . ul whil 

ir • quin·mcnt . c a , om111i hcd b 
111i1111ni I h tl r.) cl d .,. \viclin di trihu 
t 1011 o, I. 11ml i r lltt· m II nd un • p tcd 
ch • onb rd. 

el~ti <' ,propri lt e 
h dul n • fit 

hart 

I ft. 0011 

d m 11 , m nl fun ti n . Pl • ,~ 

, m II f'lllent ched 11)£'. 'J he 
ordin lo r ur rt."<1uir 
11d tlll' b lt f) )dlll , 

r r~'<lllir f!d to 1u•rform th 
011trul) I lj i ~ km t I 
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CJIAP'f'EU 2. 'J IIB Sl/NS1\'J' PO\VIW \ SI'E.\I 

'Ira) lJ11it vv l'ol V IA PW 
Al> s +,1 u,.,5.r, 0.02 0.1 

-5 0.5-5.~ 0.1 0.5 
+12 l0 -1 0.167 2 
+15 0.5 o.o.n 2 
-rn O.o 0.1:l~ 0.5 

HA:-.t HA~t +5 .5- .5 
lr11ag r Digital +5 4. r: -5.5 0.1 •> 

OH '2 Onboard C'omputcr 2 +,> 1.5-5.5 0.5 2.5 
+12 0.5 0.04 0.5 

OIWI ,D ' J> O11boarc Com•>11tcr I .5-5.5 O.,'.i 2.5 
+ 12 0.5 0,0 I 0.f; 

DSP + . -5.5 0.5 2.5 
+12 0.5 O.Ot 0.5 

'I dccomm,u1d +5 4-fi 0.1125 0.12:, 
~lodcm +5 l•h 0.0 0.1 

12 IO-Hi o 005 0.0 
dcml'lry 0.01 0.05 

0.15 0.75 
I Ill' Hx 0 03 0.15 
VIJF H 0.0·1 0.1 r. 
llirJ' · 0.03 0.15 
VIII· Tx 0.03 0.15 
I, 13 nd Hx 10 Ir. o.o .. I 0.6 

B rad 1' 10 15 3 a:ri 0 
lllz i'o,,er Amp 10-lf> l 12 

0.02 0.1 
0.1 I 

0.1 0.11 1.5 
-5 0.1 0.3 ' I" a V 

L 
+1 0 0.9 13.o 
-15 O,fi 0.11 

He, ct ion \\ h<~el 0, I 0 i.2 
i.2 

'l hi 2.4: \ oh 11d J11.1,wr llt~f'd by the l111•1!i 1 ,--. sub y lt•m 

. . . . ~. . 
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for the SpaC'e Station to providt• complex, emi-inlt•lligt•,1t control for rna11y pan• ~tation 
operatio11s. In srnai: •r pae<•crafl suC'h as Sunsl\t, load ma11agenw11t i t><'rformcd hy flight 
C'Ontrollf'1~ and ground-ha <'<l cllC'dult'rs. 

A <'C'Ond le\f'I of load managc•mcnt is indu<lcd i11 hardwan.• on the atdlitc t1,.y a; part 
of the po,,cr di t ribution ~ystt•m. 1 he rowt•r upplic to the y tem with lite highe t 

powN C'Oll um pt ion will he witrhed off aftn a maximum operat inn time via a pow~r 
s\\-itch C'Onlrollt>d by an HC timer . Thi 11wa11s tl.nt if the td ~on1r11a11d or onbo,ml 
computer<: fail to swit(h tht• sy-.tc•m off, it will automatically ~witd1 olT after a default 
time. 

2.8 Sche1natic Diagram s 

All the d1t•nt.ttic. diagram of the SPS arc• ~i\'f•11 i11 App. c:. 

I· ig. C:. l lo Fig. (:. l how each <:ola1 pand rnnsisting of 5 tring of :Jo C'clls. Ea h trin 
i connr<:tt'd <·parat,•ly to two pin of a od,,,t for tt•rl11ndanr.y. 

l'ig. G,.'j -.how, tlw intc•rfan• ro1111t•1 tions bt•l\\r II the• difft>rt•nt 11nit"' of tlic power y ti m. 
Thi diagram is importanl for lht• iutrgration of I hf' pmH•r y lt•m and th,• all•llitc. 

Fig. C:.6 how tllf' conncd<,r of lhf• m in 11 gulator unit ( UH .), 

Fi . G. i how 110,, I l11• diffore•11t JI• rt of lhP po\\f'r ) tc111 au• ronn ClP<I. N<,t" that c•acli 
telf'Command witd1 i nu,dc up hy 4 switclrr•s, lu prP,cnl II) hort-ciu uit or opt'll•cir uit 
fail11['(' . 

l'ig. ( :. how 111ai11 e rd, tor \ and ri . ( ,.1 how 11i.,i11 re• 11lalo1 B. I he re ulators 
\\ill wo1k in parallrl for IC'1:1111d ncy. H,• 11lato1 ,\ u p nrl + X and -X ouru• 11<1 
rt rd tor B use p1u1,·I + \' a11d • Y a 111rc1•. I hi me II th, t thf!re will l,c 110 clouhl 
Ill, xi111u111 pow<'r p ,iut for any I PP , l,t-c II c> p 111•1 en opposite• i<.I of th,• l Hit 
r, 111101 be irradi t ed 011 t lw me• I inw. 

Fig. G.10 r.11d n . (, . 11 lio\\ the t> /\\Cl upplic• for the re• ul tor in till' ~mu. 
Fi . G.12 ho\\ the• l, It ry 1111it , r tlw ;,t1•llit1•. 

1-i • ( ;. l~J ud ri . ( ,. 11 lim\ tile' trl1•1111•hy f'II 11 of t Ill' pmH'r y km. 

Fi . (;. l how tltf! rin hu,. \\hkh i tlw po\\c1 int,·rf ,f' IJt'twct•11 th,• f'O\\CI ) tem .uul 
the rt• t of the at,.llitf' tra.y . 
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2.9 Summary 

In this chapter the Sunsat power system wa disl"usscd. A power simulation programme 
was neccessary for the sizing of power system components. It is also nf>cessary for proper 
power managem~nt. 

T he PV Generator will consist of GaAs solar cells, and lhe battery will consist of spacP 
qualified JViCd c<>lls. Power manag<'mcnt will be done mainly by means of the onboard 
computers and the ground station via the tdcconmrnnd subsystem. 

. . . . "' . 
I 
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Chapter 3 

Analysis and Synthesis of a 
Compound Converter 

3.1 Introduction 

In thi c-haptcr tlw dt>wlop11w111 uf tlu• rnmpo1111d rnn, •rtf"r 1111d1•11 of th MIH 
i detail, <I. ,\ p1ml'r , , .. ·1•1 ion yst,•m alway rn11 ist uf l\\u pnrl , i.1•. t lw J)0\\1•1 

1•l1• tronic.. and the •·onlrol. 'I hi chnpt1•r tart with a11 a1111ly is of the• powt•r ,·lcdronir.. 
,\ftr·r it ha l>1:f•11 nnly d, it will tw )ntlll izcd i11 1tw followin ediou. I h,• on.rul 
will then be a11aly e•cl 1111d ynt lit•sizcd. 

I lit• c011trol y tcm con isl of l\\o p11rt , llitlll ly tlae bu regulation p rt 1111d the PV 
,olt a e• n·gula I ion pnr I. 'I he• l\llill_\ i of I hi' Im , olt a •1• r,• 11 I I ion folio\\ 11 i11 • t'< t ion :1. l. 
ancl it i <It• igne<l in S1•1 lion :1.· . I he P\' rnlt ,, w 11lation i nnly cd in Scctiou :u, 
1111cl de,..j 11ed in '<· lion :1.;. 

3.2 Analy is of the Co1npound Convert r 

'I he idc·aliu>tl rirr.11it cliagram of the• eo111po1111d eo11w1t1•r i l1ow11 in f'i . 'I.I. 1 lw 
load n1rrc·11t rnn i t nf rurrent upplic•cl by ti!{' sol;tr arr ys ncl c 11rre11l uppliccl I,• tit,• 
hatter ', Refc•rring lo I ig. :3.1, I he luc1cl c11111•111 t' l\11 lte \\ rit 11•11 fullu\\ : 

\ ' ~ 
whc•rc•u, = ~ a11d 111 = ,;• l1um E<1, ,1.1 l\\o tat, uftlw, 11,1111•r<a11 Ii p<'cilwcl, 
namely wlat•11 18 i po 1tiw ur Z<'to and \\ hl'11 it i flCYitliw. 

. ' / , ' . ' 4'-.. . : 
I • . 
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~.-
1 I. VJ, 

{)~ 

Figure 3.1: Cin 11it dillgram or Cor11pomul C'onn·rt,•r 

3.2.1 Converter State • TB > 0) 

lB po itin.: mean th t n11r, ••• llc,wi. into the I, ltf'i" • (Fig. .1) wit, JI the• nu11•nt fr•m1 
the rv array <'XCced tlir c•1;re11l re<1u:rt'(f hy th. lo d (/o). 

From l·,<1. 3.1 
r11/,,,, - lo 

In=----:? O 
111 

bet~ 11 c11 1 > 11,. Th,•r,1111po11111l co11,P1l1•ri ,111Hr n ,•1111•11toft\\op11 h-pullcoll\crtt•r-. 
working in par, lid. The• push-pull co11v<'rtcr i It arran c•mcut of two fonnnd con,rrtc•rs 
workin iu nt iph . Fig. :t I how th,• ha i t 0111pou11cl rnnfi~urAlion, anti it iatcd 
wa\'cfor111. for t tc I ar hown III Fi~. :1.2. IL <." n h n from the c wawform th t, 
b nm uf the pre •ntt' of th<! l\\u , t-. of sY.ilrhing trim i to , tlw nn•1agc t'urr •111 in 
each ct i rt•durcd to 0% owr th t•quival,•nt furn11rd n111\'t•1t,·1. 111 tlw i11ten·al I l\\t"ll 

lran,i tor r.onclurtion • dil)dt• Of> <'Omlu l , 1cti11g ns fly,\ lu•d cliodt>. 

1n Fi . ,3.1, wlw11 Q1 and QJ i on <luring fon 1 tl11 n ult 1 1•01 = t Vi•\'= ~ \1H in Fi . 
:J.2(a). 'I he lf•fuu·. the· voltas•• ano ~ the• hit, r i11cl11clur i ghcn a:' PJ 

.i\ \ I , 
"L = -f-\1•1• - \o 

,\ /'I 
0 < I < f onl 

I 

. " . . . . . 
• l t • . . . 
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CJ/APTER 3. ANAL)'SJS AND SYNTHESIS OF A COMPOUND CONVERTER 27 

l'o, 

0 
l on l - T.),• (a) 

~ --1 l 

I 
h r::.. . - -

iv& 

Io 

(b) 
l'b, 

Figure 3.2: \\'aw•form:. of the compound converter i11 stale I 

and i1, through Q3 increasPs liu<"arly as shown by Fig. 3.2(h }. 

During the interval ~ 1 when Q3 • ud Q I are off, lhE> induclur current is con<lur.t<><I by 0~ 
(Fit,, 3.2{h)). Th<•rdore, during fonl < t < Uonl + ~, ): 

1•1, = -Vo 

and 

. . 
lLJ~ = t I (3.5) 

The nt'xt h&lf•cydc c-onsi l. of t 0 ,.1 (duri11g which Q, i~ ou). and tlH• int<•1,·al ~
1

. The 
wa,·t·forms rt'pt'at with a 1wrioJ If anti l 0 n 1 + ~1 + ~ . Eq,utiup; tilt' tiuw infrgral of 
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CH \PTER :J. Ai\'Al,YSIS ,\ND S\'N'l'JJESJS OF A O.\IPOU 'JJ CON\'EHTER 28 

the inductor \'Oltage during one repetition period 1;- to :.wro w,ing Eq. :3.3 and Eq . .l.4 
yields: 

2d, Vi•v 
\'o = ---

" I 

(3.6) 

where d1 = ~ is the duty ratio of the ,\'itd1<•s Q3 and Q 1 and the maximum \'aluc it 
C-c\11 attain is 0.-5. 1 he a,·crag" ,·al11<' of the ,,0 , ,,an•form in Fig. :J.2(a) equals \'<:>. 

In rig. :u, whc11 Q, is on cl11ri11g Ion, the n•s11lt is t'b• = ;;,i Vpv in 1-ig. :J 2(c:), 1 hercfore, 
the \'oltagc across t lw inducta11Cl' to th{• bat lc-ry (lt•akage inductann• of transformer) is 
gi\'t'll as 

(3.7) 

.lnd in through D1 incrf'ase lirl<'arl) as shown hy Fig. :J.2(cl). 

During the interv.,l ~ wh<•n Q 1 and Ql au• off, lht! inductor currc•nt is split equally 
ht•tw,c•n tlw two half ,,1ndi11g:. of N1•2• 'lhnc•fon•, during Ion< I< (t0n + ~) 

and 

'I he 1wxt halr•cyclc con isl of Ion (d111i11 \\hid1 Q 2 i~ on), and the i11t1•nal ~ - 'I he 
w;n«>form repeat with a period of 1;- and 1011 + u + ',. Eq1111ti11g tlw time integral of 
tilt' i11d11ctur ,oltl\g1• during 011t• 11 pPlition 1wriod 7, tu zero II ing l'q. :ti 11d l~q. :L 
yi1•lds: 

II I 
(:J.10) 

wh•re ,/ = rs is tht• duty 111tio of lht! tr;,n i-.tor" Q 1 and Q, ,nd wlwrc the maximum 
,-aluc it can attain l 0.5, ') Ill' aH•rag,• ,ahu• oft'•• \\A\'<'form in Fig. :J.2(c) <'qual \'H· 

'lhe 11•\' waH•form (Fig. 3.:.! (d)) j._ tlat• 11111 of the curm1t. suppli<·d to tlw load and the 
b11.t tcry by t ht! PV g<'tit>rntor. t ran,-form1<I Ii) the 11 1 ancl 11, 11tl io re JH'c:lin•ly. 

ntiparallel diode O\ea (J1 and Q2 ut• nc dcd to prm iclt• ,\path fort lw rnm·nt rcquir d 
due to tlw leak gc flux of tht• trai1. fornwr. 

Due lo a slight and uua,oidahle dilTNC'1trc in tht• \\ itd1i11g t irnt• of till' two tran i .. to,s Q
1 

u<l l, t h<'r • i alway an imb hum• heh,c't·n t lw J>l'l\k \'aluc of the two witch c11nt•11t . 
'l h•. imLala11n• nu1 he climinalt•d hy nwans of peal..:-, 111 rt•nt 1·011l rol of t lw c-o:i,·t•rtcr, 
wlucl, \ ill h,• di:;1•u t•d in .., rt ion :l . 1. 

• • ' • J • " . - . . . . . . , . .. 
. ...,. .... ---- , 
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CllAPTEll 3. ANAU'SJS ANV S\'NTIIESIS OF A COMPOUND co-...v,m'I'Ell 29 

3.2.2 Converter State 2 (18 < 0) 

I B 11egat ive mt'ans that cuncnt flow out of the bntt<>ry wh<'n the current requin·<l by th<' 
load (/o) exceeds the current from the PV array . 

From (,1.1) 

...l...VJ = .LVB 
?j3 I n, Q4 \ 'o 

-----•--~-----~--_._► t 
_0_ 'on1 -- .l1 I (a) 

I 

r--- ~- ---i 

lo 
__ ...___....._. t 

( h) 

(c) 

:.J 

(cl) 
... t 

In thi ci1ruit tat~ th puwrr tit'livc•,,•,I b., the PV arrav i~ uot enough for tlw load. 
As oon as the output volta!:e \~ d1ops, i1c H>ltagl· acrn,s ,\" .. also dr•>p • causi11g th 
vollag aero '1'1 to <lrop 11.1,il tli " I attery d1rrt•11t IR h, 11•,·c•r. dir~ction. l'he h ltt•ry 
t rt dcli\'ering current lo th' load. ls now ac)ll14 tu the P\ «'11m•n1 /,,\. through diotl1•s 

/)3 and D •. 
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Cl/APTER .1. ANAL)'SIS AND .'i\'NTJmSJS or.\ CO.\ll'Ol ,\0 CONVERTER :Jo 

Description \'alU(• 
Load Volt a~c io = +1'1 V 
~la•;imum Load Current lo.mar= 5 A 
Output Voltage Riffie ~Vi,= 0.05 V or 10%' (-40bB) 
Minimum Tiatt<>n Voltage v8,m,n = + 10 \I 

laxi1111m, Batt<'ry Voltagf' VH,mu = +16 V 
\t inirnurn P\' Voltage \lp\',mm = 21 \I 
~laximum P\' \"oltagc \',,\',mor = 3 I \I 

Table 3. 1: Sp<.'cificat io11s for the Conv<'rll'r 

The wa\'<'forms of this c-irr.uit state arc• shown in Fig. 3.:J. 'I he fir t part of the dcscriptiun 
of state l is also applicable to thi, stale. It is oh\'ious that tllC' inductor current (Fig. 
:J.:J(b)) is the• s11111 of tlw rnrrf'nts front the sola, • nay aud tht' battt•1y (Fig. :3.:l(d)), 
tran,fornwd by the ratio-. n 1 and "l r<'sp<·t:tiwly. 

3.3 Synthesis of the Compound Converter 

'I hi s<'l t ion r<'prc' t•nt st lw S) 111 lw i~ of I he co111po1111d <·011,· ·rter. I he dt ig!I s1wcifi< at ions 
11rc>decl in deigning tlw n111,c-1tn powc1 1•IN'tronk are Ii ti·d in 'lahlc :J.l. 

3.3.1 Inductor Design 

'l he information rt•quir"d to buil I tlw ind111 tur indud • the i11d1J<"tanrc• /,, the peak 
r.urrcnt /1 ,.,,0 r, the• ma;•im11m 111 , i11d111 tor rnrrt•nt h,rm•• and tlw witching ft<'ttttcncy 
f. 

The minimum i11d11ct11r cmri:11t i-. dto c·11 as h ,m,n = I A to ,•n~ur<• t ltat the indurtm 
op •ralt!S in Ill<' continuou co11rl11nio11 mode during normal operatio11 when the load 
m·«•cl. 21 H' . 1 he> pc, k iruluclor c11rrt•11t i~ c-ho I'll as / ,,mar= ~.,5 A to n•ali ,,, an (lt1lput 
C-UHent (an.•ragt• incl11n'>r cum•nt) of 1.7,i .t (Fig. :l.t(a)). If the• inductor d1sc:h,.rge~, tht• 
volt age ano it is <'(llh I lo t lw out put \ olt ii t•, I\ cli rus.,t'd in the• analysi of St•ct ion :J.2. 
tJ ing this information from Fig. :3 .1 ( <\ ), il is 1•,·icl«•11l that I IH' lo1w of t lw di charging 
in<iuctor i detc•rn,i,11 d hy tlw i11d11c:t, net•. l lw indul'lanu• c1rn th1'rcfo~c 111• c:a!rnlcltt·d a 
follow: 

('l.12) 

I 

1
,1 5,,, 

-1.5 = - - 11 ,It 
/, ,,.. 
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(a)'',= -Vi-,= -14 \ 

I 1 :; 7 µs 

it(t,)=i;\ 

I =SA i,(ti)=5A ____ J. _____ _ 

l1=½t• li=ft, 

Figur~ 3.4: {a) l11d11ctu1 current and rnltage during minimum op<·ration (b) h,ductor 
current and voltage during mRxinmm orwration 

=;,, I, ~ iO nll 

Th<' inductance is cho~t>n as L = 7 I' II . 

The maximum rm~ indunur <"urrent is <'q11al to th<' maximum output currnnt, or h,nn• = 
/o,mor = 5 .4. 111 this state Lh<' <luty cycle will be al a maximum. The compeusation 
discussed in Section 3.1 limits tlw duty cycle to 50 <x . As~uming th.,t the inductance is 
constant, the maximum \'alu • of th" inductor cmrcnt Cl\11 be obtained as follows, usi11g 
Eq. 3.12 and Fig. 3..t(b): 

(3.13) 

All th<' v;ilucs n~dt"'d for deigning the inductor M<' known and the p, ramclcrs in 'f;1hk• 
3.2 are obtainrd using th<' design pron•dme gi\'en in App. F. 1. 

. . . ; ' ~ . . . , . 
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CH.\P1 ER ,'J. Ai\'AIXSJS AND SLVTIJESIS OF,\ COMPC.11JND ('O\'VERTEU 32 

Description \ alue 
C'orf' Shap<' Potcorc 
Core ,laterial :JBS 
C01e Siw P26/16 
Numlwr of turns ,, = 20 
C'onductf'r diameter d = l.2.S mm 
Ail' gap siiP 9 = 0.03 111111 

Table 3 .2: lndurtor paranwtP1 s 

3.3.2 Transformer Design 

The tranformcr rnnsiists off lirct• sf'ts of windings, namely r>rimary winding:. from the PV 
gcner11lor (,\pt), primary windmgs from the battery (Np2 ) and St>condary \VincHngs to 
t lw load ( ,\'_.. ). 

from Eq. 3.6 the maximum turns ratio between llw PV gen rat or and tlw load is obtained 
as 

0.,5 X 2 
111< 11 =I (3.J.;) 

whc•n• 0 .. 1 is llH• maxinmm duty cyclt> for lhP load n•gulation. 

From E<J , :uo tlw maximum turns ratio llf'lWC'C'll !ht• baltt•ry and tlw load is obtained as 

O.!JG 10 . 
n2 < 

11 
= 0.GS!l (.J.15) 

where 0.96 is the maxim11111 duty rydt>. 

The rc4uin•d design i11put information for finding the siz<" or the tran:.for,ncr con• hi the 
peak primary rms voltage \ P,rm, and the peak primary rms wrr1•nt I ,.,,m• of ouc · ·t of 
primary windings, tf the converter is operJting al maximum load aud the trao former 
operating frequency is Jo = :J5 HI::. b1•caust• the transfornwr freqm•tH.'Y of n JHL h-pull 
con\erter is half tlw : witching fiequenry. The primary input from lne battf•ry \\il l he 
used, a ... surning that I he P\' gt>tlt.'rntor rloc~ 11ot !-iupply any powc•r. 

The required information for finJing tlw si.:c of the conductors h, the pt.•ak primary nus 
rnrrent I P,r-m• of both the primar) windings and the turns ratio~ 11

1 
anJ 11

2
• 

The pMk erondary voltage is equal to \ 1,mni· = 16 \ ·• because t lw on-\·oltagt' rtrop aero. s 
the switches is • mall. 

If tlw battery upplie<; all th<' p w\·cr in th<> rwak load condition, lht• rm c•rmmt in om• 
battery primary winding is 

. . 
' - ~ I v . . . 
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'/ Ill.SIS OF \ ('().\f/'OlJN[) ( ON\1/~Jfl'EU :n 

( 

Core ~tat«•rial 
Cotc• Size 
Numher of primary 2 turns 
'umber of primary I turn,.. 

Nurnhcr of <•rn11dary turn 
Primary 2 rnnductt·r <liamcl< r 
Primary 1 co1ul11ctn <lianwtcr 
Scrnndary cond11c:l<'r dianl<'kr 

Value 
l'otcorc 
:m~ 
P:J0/ 11) 

N1•2 = :l 
Np, :::: 6 

N =i 
d1 1i = 0.6 ,,,,,, 
,l,,1 = o: ,rm, 

d~ = 0.5 m111 

Table 3.3: 'l ra1l',fortn('1 para11wte1 s 

I .!.. r., I " ,,m," ,,l _ 
l = --- = :J.,r, A 

'.! 2 (:J.16) 

If the PV t nc•ratur 11pplic• i\ll tht• puwc•1 in tlw peak !und co11clition, t111 current in on 
PV gcnrr, tor prim ry wi11cli11g i 

I .L i:. 1 , rm, .,
1 

,, 

f 1•1 ,rm• = 'l • 1 = 2 • .'i A 

I, au c the rm oncl,uy current of OJI<' \\indin i c•c111al to half th rm i11dll< tor 
current. By II i11 th • \'al11 in the t11u1 fumwr d ign pro durc of App. J'.2, thr. 
tr n form , p r rnclt•r in ' f 11l,lr ,J •• l rr olitai1wd. 

3.3.3 Output Filter Capacitor 

Th h dcd rcit in Fig. ~J. (h) rt•prt nt tlw chu <' ton"!(I in the car,acitor during 
maximum load. From the t~mr.try of the c-.1rr nt wa, form. the ch r i-.: 

Q = T uh = 11.:uo-6 
• 4 ., c 

2 2 2 . 2 = l I.., /I (3.1 ) 

The filter c J·· ltlor hould hf! lar e C?nou h to lore ,rncl rclras thi rh rg to prt•vent a 
volla c riffle(~) on th hu 1tatcr than 0.1 \I. rrorn th d<'finition of c-.apadtancc: 

C Q 11.a.10- ., ,.. 
=~l,= 0.1 =II,>µ (:J.19) 

'I h filter capacitance mu_t therefore b at le, t l 1:J ,, F with a volt a <' handling capability 
of at le l 14 \ 1• 
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3 3.4 Switching Ele1nent 

1111• compound convcrtt•r ha two 
nnd thr 1•c1111clary -.wit, lu· . ,,f controllecl witd1c , namely tJw primary witch 

Thr. pri111a1y witch , Q 1 a11'1 Q1 in Fig. l.1 witcl1 to kt•ep the I'\ ,•nerator t it 
rnaxin11m1 JIO\\Pr point. Th • witdu~ ar tran i tor . 'I lie b ic d i II paramctc in 
d tin t l11• tran i tor tiff' \'Oita 1• hlorking capability <11 turn-off and it c urr 11l <' rr) i11 

<' pacity at turn-on. An import1111t cl ci ion i whctlu•r to u hipol r tram i lo or 
~fOSFE'J . E h of the <' tra11si tor offers di tir1t' l ad\·antn O\cr the olht•r, tht• bipolar 
hf'ing lt"S 1•xpc11 ivc, whilt the ~10. FE'l off,•ni l'ircuit i1111,lidt_: bee 11 <>f implcr 
dti\t• circuit . It i im1 ort nt lo note that thr bipolAr lr II i tor h a limited orkin 
fr,•qurncy cutoff, whid, i round 'i0 HI: , while th<' ~10 Ft:'I may he u oo in witchin 
fre11uc11r1c up lo 200 1.:11:. 'J h I i al c-hoic , thrrc•forc. i IOSFET, b au 
witching frt-c111c11cy i J~, = iO J.:/1:. 

In ~dip 1·, Q 1 a11d Q'l witd1 lo clrli\t•r J>owcr lo th• lo d upplic<l I,• tl1c I, ttcry. I h 
rnm••ll will be at am xirnurn in thi late wh II the I, ttc1y ,·oil i t it minimum 
, Jue of \ IB = 10 \ • Fi . :J. l(b) how tht• p"ak inductor rurr,·nt 7 l whkh i cqu I 
to the J)(' k '-t'co11 lary currt>11t. The JH' k primary curr<'nt from th<' b tl('ry ,,ill then b 

I i 
I Pl = - = - = 10 A ,,, 0.6 (3. 0) 

J he pcdk curr nt h ndlin c paLility of th witch mu t lw. ,,ell l>o, t• 10 in ord r 
to b pr •pared for r diation de r elation. 'I he 111 ·imurn ,oil the ,it h 
occur wl11•11 thf' PV t it m ·imum ,oft r, n 

'Io rni11i111iw tht• h on-r i t n c ( llr, .on) mu l l, 

a MO Fl:.'I i th O. \ith n on-rcsi ance of lio '!, 
m ·imum cum•nt an<! cir in- urc c p bility of 2· nd I' 0 l' rt'.Nf>t'Ct h ,•I ·, 
to (2;$], which ati ft th rcquirem nt bo, . 

udi 
h 

I Ji,-. ondary wit h • Q nd Q 4 iu Fi . :t 1, itch u rt uhtt t• t I bu \'oh 
The <'<"ondary itlf' of the compound conwrtcr i inti). rt,., the l:\.'oncl ry idc of pu h
p111l r gul l ~ ' lo control the output \Olt , • the curr'<'nt throu h lll(' rtYtifiers hould 
h blocked " ' h duty ,ycl,• d1• fo ,lo thi , th re ti 1t-r \diod, ) !iouM he rrpl:ircJ 
by contrullAlilc ~witcht (tnu1 1 tors). It i d1fficult, ho\\ ~ ·r, to drh tr n i to 111 
th p itiou b au the ,olt c 1 \t~J at tl1c input nd m1t1>ul of th "it, h \ n • 
con id,•rahly. 'I he ntip rallrl p r !iiti,· tliod of tltt• MO FE J' c.,u • fortt1r.r J robl m . 
The h t olut :on i to I a,· I he rcctifyin tliod wlu·ri· the · r nd to rout rol the rurreut 
flow with An r. ·trA p•rha11n J MO Fl:1 l'on11cc1 d to th r.cntrt••t p of thr. mud t) 
winding. 

Fig. 3.4(b) how the J>r. k indu tor current i ..t, which i t.~u I to tl1e pc k 011d ry 
current and to th cunent oin thro11 h the .\tOSl;,~;•1 11d the diod . 
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1 he diode must al o hc hie to "itch c 11) t th,• \\ ild1i11 frcqu ucy of iO 1-1/ :. l 
t hi frcqu ·ncy. hottky diod rr norm lly a t lter choice. I h1• hottky di cl hli ~ 
low fon\ rd \oh c• 1lrop, C\'t"'II 1 hi h f<H-'lttll 1·urrr•11t • 1c ju11r.tio11 temper hire 

i11cre in lk), tl,t• for\ rd \ C clru1, heoo111 f'\1m '°'' r. n rr-.~\CI'}' 

limn i II Ii ible, b u nl\j rit) c rr· · ondur.t th rfor 
then• i 110 minorit\'•(' · ci, r c lo be rcmo,cd • itchin . Unforluu l ·ly 
th,,,. re l\\? •Ir d ,,ith • hottl, · diod I m k lh,-rn un uil blc 
'or the co1111 u , th ir blo ki1 bility i low, nd nd, 
their hi her .. ,, ,. curr nt mnk, them m re ihl to th nn I rn11 \\ l 
th n other diodt . 

F t- cliod c 11 • r 1 1111d h ,c h' I k" \Oil c iliti , but 
h \C d, of r i\<>I) hi h fo \Oh <hop . ' \\'. /100 
r t-r d ,ith II curr, Ill or i.: imum LI of 

tt'd for th comp und r. 

FLT i th 'mum of .ivB, 
111 

nrl 
llJ 

t, l',,1,.,..,.. \\hi hi ~: rninimi the on • (llr, -) 111 

· -c FJ:1 r 011 • 1c n n ch nn 
.1 c.r1 p , to th · 

I on• i l.\11 " of •1 U nd m imum urrcnt 
And ,-ot lil i of J d ording to (2 ], i 
th i h n quircm 

nd 111 i • 
'I h III imum current to l h urit 

er I d lh c-d t th b tt r., 
• 111 illumiu lion nd m:ninnnn 

I d. 1 ft,. po H"'t to th b ltt• 11 1 - "' 

mrn:rmun d1 r "• th cur, nl 2 ,t 
0 n . nd if th I,. llcr i 

In th,. mpound on, rtcr. th i I di n < d t prm id 
t rt1 ,.t required, du to th I<; ..... ..,.'° th l n• <-r. 

3 ..... :l Snuhb r D ign 

to minimize O\ n It 
indu t II I. i11 

ur cul. 

• 'I h o, 
ri , it h th 

11 u \\ itch i ho n i 
t h output cu t flo 

diod . Wh II c rn on, ith 
th primMy id • CJ u1 rcpr 
'II th current l . nd th l thr u h 1)

1 
\ii re 

1> t1 i r th 
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( ) 

(b) 

( ) 

1niti J ind 
c pa Hor 
thn t,, • 

tat 
nd t 

h di 

• , 
2 

1)1 

• 
N2 

/)1 

2\' 
·-~•1(0) I,, 

Fi ur 3.6 11d r 

l. 
1t circ:ui 
ir uit. 

d, 
In • dt'" • .1 

To tabli t L l111 ircuit, th c ubb.!r 

/, 

lo 

diod 

I)' c::urr 

COMPO{ 'I) 0 'Vl .. ll1'BR 

t: 
T, <oJ. o 

ith nut I 

tli inili I 
n nubber 

rent / • 0, th 

h 
i 

nub r 

.10- = 1.; 

h 
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c p r.itot \Olt (whi hi then the of th diod \oil e in Jin dr uit) n 
I, ohtafoed follow : With th ind•1ctor cummt 'L nd thr c p itor \Olt , ••c. lh 
t te \ riahl , th cir uit qu tio110 c1rc 

2l 
d,,. ,,,-
dt 

1 h<' lution of t•c . f r t 2: t0 ' thrn: 

Hy introdu in b line' c p cit n 

it i p ibl to pr Eq. .21 

N 
V = 2\1n-• v,..., 

,It• .-=,,. 
dt 

.. h II br 

13 ' m n of tin d rh· th th m 11nurn , lue of re, c n be c: I ul led 

In U nub r itl1out 
d th induct 11 , 1 th nubbcr 

und irabl • 

(3.21) 

( .22) 

( .2 ) 

( .24) 

(3.2 ) 

If th di nubber 
lo (27) th optim I '1 

in ludcd, th ill ti n arc d m1 ued. c: rc:lin 

( . ) 
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CIIJ\l'I'IW ,I J\NAl.l'Sr' A 'I) S)'N'fllt I' Of J\ CO.\ll'Ol NJJ CONVBU1'1m 3 

a11d the 01,timl\l capa i1a11<'1• i C, = C6o,t• The ha dine capa ita:.. c cannot b c:1olc11lated 
without knowing/,,, . /,, ,. fo1111cl by tting C, = Ii nF llm.l mca 11ri11g the o dilation 
fn!<1ucnr.y U'o, Knowin C, and Wo = 1.10 rad/ , I.,, i founrl from E<t, :J.2:! 1.:1211/1, 
I he 11111,h r capacit,111cP i lhf'll n,lc.ulatt~I from Eri, :l.~U 

.. I ,,., 10-is [ 1.75 :J ] , '> /' , = 2 x •''"· ,, 
1
,, _ = _,u " , 

- - X I 

111 ncr • I in the r i tor ll. i i\'rn hy [27] 

Wn = i1,.1:r ~ , (nr,, 1~:.,Y' 
= ~1 .32.10- l.if,2 12.0.10-11 (i4~) = G 11W 

3.3.6 Gat drive circuitry 

O.aly two c tcrnnl oomponcnt , r i tor 11nd , 1 hottky cliod , Ar" 11:quir I to in urc 
prop r op r tion of the PW t, whit.-. d lh rin th hi h current dri, pul 

I 

/, l nJI 
( ) 

I 
'=l.5rif' 

(b) 

15 \ ('-= 

" ' 

Figur 3.6: l>rhc cir uit 
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CJJAl''I'EU :1 . .r\ 'I\JXSIS A 'I) S\'j\''/ IIJ.;.«;JS or A ( OM/'()(INJ) CONVJ~, I ~ll 39 

'I ypi al gate-to ource input d,ara,·trri I ic of me I FET n·H•al nppruximntt'ly 1 "00 p ~ 
of capacitance in "rie with 15 11// of ource i11d1u lance. ,\t first, the rir~ a r 

currc•nt limiting n i tor will 11ot be u d to ext 111pli(y it r11 cc ity. I o, the lotl"m pol~ 
tra11 i tor aw rcplntcd with ideal (I I ) witd11 • A * ratr of O.~ \I per 11a110 ccond 
i typical for thr U I 46 and will b incorpmated. A u111i11 that th,•rt• 1uc 110 external 
circuit par itic of H. I. or C, the PWM; thrrt>fort• i dri\'in n 1,-C' rcson nt ta11k with 
110 l'!ltenuation (J,i . :J.6(1,)). 'I lie dri\'in fu11rtio11 i a 15 l' pul d1•rhed from the 
uxili ry upply rnlt 1•. 'I her ulting curr nl \\'l\\cform i hm~11 in Fi . ~J.6(1,), ha, ing 

a pc k current of approximately 7 ,111t frequency of;;¼ = :J M JI z. In a pn,ctic I 
application, the lran i lo and other circuit parnm Ir ;,~Torlun trly, re I S than id 4). 

'l'h,• re· ult al,o\·c• an· 1111likdy to hnppcu in m l d1• i 11 : how '\'er, tlwy will occur t 
a redurc·d 11111 11it11de, if 1101 p11•,••11frcl alto t•lhC'r. l.imitin the peak curr, nt tlarou h 
th,• I i arni111pli .. !,~d l,y pl cing a r1 i tor hcl\,ecn thr tott•m•polc output 1u11I the gate 
of the• MOSFg'J. ·1 h1• value i11 dt•tcrrnincd h) dh•icling tlw tot«-m-1>(1lc collPctor ,·olta t• 

I,'> \11,y tllf' peak tum 11t r ting of the IC' totc111-pol . Without thi r i tor. the p k-
c;urr •nt i. limitc·d only by tlw ~ r If' of the totr·rn-polc anct the Fg'J tc f'ap it nc . 
For thi exampl • a rnllector upply ,oltag1• of 15 l' i u f'd, with n tim led tot m-
pol 1:1.tnr tion ,ohn ~ of appro i111/\trly 2 \I. Limitin the peak g I •Curr nt to I 
m ximum rt'<J11ir a rt i tor of IO H. J>llwin tllf' r, i tor in "ri with th collector 
and th • uxili ry \'Oil e source will only limit th turn-on l"Urr nt . 'rhcr for it mu t 
b pl c d b t" ·nth PWM nd ate, to limit both turn-on and tu· ,, >ff urr nl . 

\c1t1 I circuit par siti al o play key rol,· in thf' drhc b<·luwio1 . r,. • i Ii act nee of lh 
FET uuc 1,•ad (111 u//) i 1•11 r lly mall in compnri n w:th l • IA)Oul induct nc . 
'lo mod I thi network, nu l1pproxi111 tion of 10 u///cm P, B t n b u I. In 
addition, the induct nn• h hH!i'll the piu of thf' IC 1111d tllf' d:c c n b rounded off lo 
10 u// p r pi11. 1t now be 0111 pp rent that circuit ir. 1uctan II quitkl · dd up lo 
JOO n/1, c, .. n with the h t of I' B I )<111t • An, tim l of 60 n// w u d to imul lt> 
th PC board. 'I he cqui\· lrnl drcuit i ho¥.n i11 J,j . 3.G(c). A lo \1 pul i pplicd 
to the nchrnrk u in JO n the current li111iti11 rcsi t 110 • 1 h ultin \oh e nd 
curr nt wav form l th tott•rn-polr output n• hown in Fi . 3,G( d). 'J h h drJ re 
of e ch gr ph r of p rti ul r inter t. During thi tin, , the Im, r totem-i>ol tr n i tor 
i lur11t d . The voltag of it coll tori ne th· with n p t to it mitt, r (ground). 
In ddition, po ith· output current i bei11 11ppli I to th ll l. network throu h th 
coll tor of thi tur ted NPN tr n i tor. 'I he IC p ific tion indi le that u ith r of 
th two condition rt tol r blc. On ppro chi to inert• th limitin r< i t 11cc, in 
ord r lo ch n c the pou from und rd 111p n d to Ii htly m rd tnJ nc<l. 'I hi will 
o cur wh n: 

nforhmately, thi lso r duct: the peak drhe current, thu mere m the wil liin 
tim of th FE'J , whid1 i und irnblc. The alt, 111 le olution i to limit the p k 

(3.2 ) 

curr nl, and to alt r th circuit to ccpt the 1111Jerdam1 11 d n t"ork. 'J h u ,. of 
S hottky diod from th PWM output lo ground will oorr <"l both itu tion . H in 
conn t f with th anod to round nd tli <'nth tf to the output, it will 1>rt•,·ent th 
output rnlt from goin c h, ly hdow round, ncl will al provid a currt•nt p th. 

Stellenbosch University https://scholar.sun.ac.za



To I err: t the, th diod el cted hould h w t rw rd rnlt c drop of Ir• th1u1 O.:J \I 
nt 200 mA. The 3 A 1 • drop of 0.1 \1 at 200 m,1. hown by 
th• gr&ph in (3.J), nd i usetl in all th dri\ in dr uit . 1 h diod, will conduct dming 
th luu.lr:d J>llrt of th ('urvc hown in Fi . ,J,6(d) \I.lien the ,olt11 ,. go ne the and th 
curr,.nl i po ·Ii\' • The current i II \\ed lo circulate long it cl 110 ch cly 
affo t th IC p rform no . Pl in the di d cl " lo the PW \f t•ncrator po ible 
will enh nee cirf'uit p"rform nee. 

3.3. 7 Selection of Capacitor 

In pc1"cr r•lectrunk, l,11 ic lly t mt• 1)1,es of c p ito r,• u i!<I: elr•ctrolytk, m tallized 
pol •propyl1'11I' 1rnd <tr mic. 

Electrolytic C 1,11citor 

lum:nium cl trol ti c p u:01 ofi"r .-. l11rg c p cit 1,c per unit volum nd re 1>0• 
I rited. Th I r c CAJ> cit nc,· 1 d11t• (o •~1 luminiurn foil conn tcd to the po iti, 

Yta) th l i. ur( i 11orou lik a pon e. 1 hi re• 
ult in II incr in it urfAct r a b) 1nud1 ( c-tor of IOO oomp red to it 

ori in J un tchcd re . On thi t tchcd foil, 11 ;n ulatin I y, r of luminiurn o id 1 
formed cl troch mic lly. Th , • tt,r. ermi, I of tht• c p citor i corm tcd t.o an •fa. 
er luminium foil \ ·hi h i in I n ! f'ont t it' the liquid J lrolyte, whi h i n 
clr.ctr,c I!__. conduclin m t ri ) 

he • II rh< n C: p 1lors h \C .t • • 

n :,, , 1 J not be u cd t la 
pccified rm • mp · t111<1~al ,,f th,. I ctrolytt to II' 

i T 1e output (ah r cap 1lo mu l be lo,•, to 
in th output 

• r I r • d l thr top ~·ith II i ti r th t iPmund 
le . 1c r of ~\ · th t I tw t 1 

ific ntly y,j\fi d · p r u rt•, th p r Ii 
·ith ri i11 tcm ,r . h hould b I otcd th t the d tro 

ha, 'lrt t lif, Um of any d m r1l, th·, or p h , u ed in ironic 
. The temper lur within th cap d•or de n th Jl 'l hi 

• 1 with thr. nn <'.11rrent ohmi in th • or. r r 
· urrent, th rippl vol - · ric d with incr frt:qu nc •. 

Th I fore, th dj 1 tric J)O • g f rt~1u II y. ror gh n 
Iii time or th c p citor, it c ryin c. !' cit • · with incr 111 frcqu n y 
and d re ing mbi nt t lllJ)t'ralure. 

'I Ii u oft nl lum th 111 t I for 11 r.k'ci.rolyti c p citor llo\\ for a , r,> iff1 ri nt 
form of ron tructio11, in whi h th o id film i t hi and hi to with litu<I , ... ,. r al 
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of volt gc l:J2j. 1111t11l11m capacitor r."n be II d \\ithout a tc•a<ly polari ing rnltnge, 
they c&n be run with t Ii<! c>lt>clrolytc virtually dry, 11rul they gc•ncrally havehetter char• 
acteri ti<'s than th,• nl11rni11i1un type of ('I<'< trulytir. c-apl\ritor. Expc•rir11re with the u 
of tantalum ha lrd lo tlw dcvdopmr.nt of dry clectrolyt 11ncl ,. ry rcli hie military 
'-tawl1ml c•lrd rolyt . 'I h • c r. p21cito will he u ed a filter (·aplt.citor foi the converter. 

Metallized Polypropylene Capac-itor and Cer mic apacitor 

In tlu 11uhhcr capacito 11111 t harHII,• large r.urrc nl , but the n1pacit1u1r:t• \1\luc rc•c111ired 
i 81111\II. 1etalli;,..cd polypropvlrnr r.&[U\< i•o, 1u a g,lOd rhoicc for uch applic: tion 
bt•c1111 e of a ,rry mall rnt•fltcit>nl of the polyprnpylP11c di,--1 ctric 111alcrial. 'I'll<' 
di IC<"tric I uc proportional lo tllf' quarc of the \Ult c and frequency. Sine th 
,oltag,· an the clielcctrir: i proportional to the rurrent and invcr ly proportional lo 
l h fr•'<fUt•nr.y, the Ji,.lc< lri< PO\\t•r I i prn1,ort ·01rnl O I he r H~lllf'II y. 1 ht>rdore, for P. 

p cifir.,1 tcmpt•ratur , th• cum•11t-h,u11llin <"ap cit· iw·r • lightly with frcqu ncy. 

' r mic c:ap11r.itor h ,·e e trcmrly lo\\ n inductance. 

3.3.8 Rcsi tor 

t ratrd power, the t :·ipcrnturc of n I i t,,,. i in the r 11 .~ of 3 0° IO 1° • 'lo ,oid 
11, '1 hi h l mp ratnr , •l, :-,o"er It in tlw i tors i limited to llppro imnt ly h Ir 

it u cd pow r. 

3.3.9 Man g;ng Ther1nal i sipation 

lh• t di ipation i n prohh 1 

Sine,. no 0011\ ertcr i I OO<it t-J 
h al, , hich m t b r mo,,. 

, 1 ,,! m 111 in J>O\\ r el t r'1ni compon nt in 
some or th :nput pow,: t·o11, rted i 11 e·· 
ll) pr , •nl «'X<c he in ,·rn:,I lc111pcra~1ir • 

p cc. 
t as 

'I he heat pro•luring cl r ,. ,t I pt cr,t in do therm I cont at t with a nwt I h 1 oo, 
ducting ur£1u·r. o I th 1,ottom or b pll\lc of tlw ctt , a ho\\n in Fig. I>.~. It i 
imp rt nt to pr"V"llt tr111t the t 111 cratur~ of ll,~ poY.N hnmlling co111ponenlt, h C<;•nt 
con-id r.,b!y hi h r lhN1 11 (• c t t mp rAtttre. When r,art ar ubj tc,I to O\ettcm• 
perat urt, op ration lllA)' become dt grAcl<~I. u~l:nhility i imp irc~d anti compo11 nl life i 
hort<!ncd. 

lhcrmal p11lh mu l h provided, which II rnmlucl internally c·rwrakcl heat to thf• 
outsid . 

1'11 fir.· •••P ir, deigning a h t ink or thermal mana cment ystcm i to fin<I the 
pow r c.i•r.t l\te<I in the rnrwt-rtet. l hi ,·aluc i determined hy uht I r.t ing t ht" fl<>W r 
d lh r ,\ , iiw lo <l from the tot l po,,1·r upplie<I to the ron,· rter. ;\n · pow"r that is 
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11ot delivered lo llic load end up a.~ h al in th!'! rn11H•1ter, nd mu I b r mov~t. 'J hi 
value may he calc11h1ted , folio,\ : 

I, Po.,,, /> 
,... = ff . - °"' rcuncy 

= 
140 

- 140 = 35 U' o. (3.29) 

Hea~ t•n rgy i tran fcrr ·cl from rt•gio11 of hi h temp ratuw to re ion of low temp"rature 
via thr ha ic m clurni m : 

• H dil\tiow rlt'<'troma 11etic tran ff•r of heat h •t\\, n 111 
turt: 

• "ondu<·tion: oli,I m~lium 

al differ,•nt lt•mJA,ra-

• Com • lion: Tran for of h at throu h th medium of a fluid - l) pi<-ally air 

While com lion will b th dominant heat tr II fer 111 haui min mot ppli at ion 
I 

th!'! 
other two rn hani m an the only hrn activ in pa c. 'on idcration i giv n caly lo 
r diation and conduction. 

ompon 11 

8 

Sate)~ 

+ r 

0 

I 
Figure 3. 7: 13 plate att ch l to atcllit~ bottom 

Radiant heat lran fer occurs c,,ntinuou ly h tw II object at differ nl t mpcrat ur 
which arc xposed to t'a.ch oth r. 'I h n t fr L on th temp ratur of an iudi\'idu 
part i dcp nd nt on m ny i ,< , , • 
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• Jt,; temp r, lure• rdatin• to otl,cr part 

• Hclatiw• oti<•ntation of tlH' part 

• ·111f cc• fini h 

• pac:ng 

I h cliffir.ulty in qu, ntifyin m ny or the f to , coml,incd with the unher al pr nee 
of radia11t t-nt-rgy cxdaan <', 111ak1• c alrnlatio11 of racliational lt•mp,•ralurt• ,•ffr• t both a 
complex ancl f'nc•rally imprcd t k. 

111• l will I conducted from the component into the b plate into an ttar.hcd h t ink. 
Heat rnndurte<l aero the intcrfar bctw< n the component aud th h eplatc, and th 
h pl le wl the h1• I ink, v.ill r ult in a temp r turn drop, whi h mu t b ontrolled. 
,\ how11 in Fi . , . i. th intcrfan can b mod II I tlwrmal r i Lani.'. m n 
with th cli ipatc•<I power flm,. The rompon,•111 lt'lllJ> raluu• will he tlw urn of th 
temp r lure ri in the int rf cc and the l mp r, •urc of th hel\t ink to ·hich th,. 
b plate i all died. If not oontroll,d. the t 111pcra1111t• ri e cro a urfa e intf•rf cc 
Cllfl b i nificant . 1 h rea of the intcrfac re mad large p iblt• nd thin 
a p ihl" 1tnd t ht•1111al compound houlrl b u d to fill urfacc irr ui riti . 

The ~mu \ 'ill b itu lt.-d Oil th. Lottom Ira. of th at !lite, hown in H '. I of 
pp. . I hi idr will lw y b dir<' l d lo\\ rd the earth, nd aw y from th• un, in 

the hadow of the tcllitr. 'I h temper lur" of th out idt' urf cc will b1• b lo\\ - 10• . 
Th at Hite aluminium I, <ly i th 1tfor,• 11ffiri<'11l h at ink. 
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L __ _ 
/)'/' or 

Figure 3.8: Propagation of J><'rturb lion in indurtor current 

3.4 A nalysis of the bu voltage regulation 

The control y l mm ur chan in inductor currt•11t which control the output ,ollagc 
in tantancou ly (p nk-cum•ut control). Peak-cum•nt control h ,.,.Nal ach·anta ov ·r 
th C011\'ention I duty-ratio ch m : 

• "in c the witd1 i turned off whcn it current rt>ac he~ th control ignAi I vcl, 
failtm cha lo ex< ' he , itrh cum•ut can b<" J>r'"'\'t>11led imply hy limiting the 
maxi11111111 ,·aliw or I he <'Ontrol ign I. 

• Th· peak- urrcnt control, rt•la ivc• to the con,·1•11tion I d1t•m1·. c•ffc tiwl) remov 
one pol from the loop ain, inaplirl in the• deign or the f db ck network. 

• P<'ak cunc-nt II iug \\ill autom tic:lllly pro~ide flux balancin , ther by eliminatmg 
the n I for comp I . · halanrc ~chcmt in the pu h-pull r tnily. 

In order to cl ign the control y lt>m, the fir t olij tiv i to ohtllin the rc1uivalcnt 
mall- i nal drc:ui~ mocld or the ron,·('rter, \\hirh rcpr nt both the inpul 11d output 

prop rti , And whi<'h can h,• emb l<ted in the mod I or th~ complete regulator, o that 
th O\erall dynamic propcrti 11d !ability can not only h~ analyzt·d but al o de,ign«•J . 

A fixed-fre<1uency pcak-c:urr 11t con\"ertcr i subj rt to cillation. The rond obj ctive 
i to d wlop d ign tf'chniqu ~ for f'li111i11ati11g thi potential instabilit ·. 

3.4.1 P eak-current control In t.ability 

As lll<'tltioued ah ,v •, A pcak-nmcnt conve1lc.'r i uhject to in tahilit) (12}. 'l llf' ra11,. of 
the problem Ii in the fart that the J> ak-rurr ·11t <"Ontrol scheme rnn titut c111 iuternal 
i dhac-k loop (th lc.•\'cl of th indurtor rnrreut d terminc wh II the witch i~ turn d 
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tahilizin ra111p 
control ig1111I 'c 

Figure 3.9: Propa ntion of a perturb tion in pr "'lln.· or ramp 

off). I• i found thl\l th o dilation rrwrilly on-u whl"n tlw total tluty rl\lio r.xc 
0.5. 

h eff• t can be ,•xplained with thf' hr.Ip of tl1c wan•form iu Fi . a. , which i a traight 
lin plot of the inductor currc>nl tliat flm\ through I he poucr witch wh«·n it i on. 'l'hc 
control ign I i al o plotted. 

up1 the inductor h n III lo1)f• of m 1 and fallin lop of -m
2 

in tcady t lf'. 
learly, i11c1• th le dy tat,• wa,1•for111 i 1>eriodic, 

( J.30) 

\\here I) i the duty r tio nnd /J = I - D. If th re i 1> rturb t1on, r I ti\ lo the 
t dy t t , of lo iu the indu tor current i11 lh b innin of a p riod, the wa\ form 
ho that ft r on C) cl,· the t>rror will h , c h" omc 

I h rcfore, ft r n cyd I he p r .urb tion will I 

pp r ntly, the le d) t tc i not t bl 
lution if lh1• clut;• ratio i w ter thitn 0.5. 

'l hi J>Otenti I in t bility c II be illimiru, ed by the ddition of a uit hi,. t·ydk artifir.i I 
ramp lo citlu r th ¥.itch cum•nt w "form or tlw r:ontrul i nal. Waveform for thi 
rrnxlification r hown in Fig. 'J.9, • 1 which the control i II I i •h<!n A cy Ii fttllin 
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<1ontrol nal re ...,__ _______ _ 
ramp 

-m•-m 

lo 

or 

Figur 3.10; Elimi11 tion of perlurb tion 

lope -m. An r unu•nl imilar to lh l used prt•\•iou ly ho\\ lh 
u/0 i carried into 

ill"= -(m, -m)" illo 
"'' + m 

(3. 3) 

fter II cycl . A uit Iii choi c of th J>e -m II ti for cau thi 
b lion to <lie out, \en ir tlu• duty ratio r th 11 0 .. Ir rti ul r, if n, • n 
to b equ I lo m 2 (the magnitud1• of l rrent lo Eq. 3.3 how th t 
ny 1>erturb ti II of the indu tor curr<'nt ~ill di th 1d of onr. C)cl 

in inner loop t bility nd irnul >ro n th f t t 
11 of th cun«•nl, ho\\ 11 in Fi . 

. S, whilr t 
11 rtifici I ramp, t tr n i n 1 • • r mp of th 

corrc: t lop i u I. ere ore, hi comp ·1 m perform n 
for any aper tion condition, not ju w 1crc n rt1 1ci r quired to ,oid 
in tability. 'J he me ult hold if n ,utifiri Ir mp of lo d,.d to the indu l r 
current in t d of th control i n I. 

3.4.2 State- pace Model of th Couv rt r 

'fh ond ry ir uil or th com1>0und con\rrt r h l\\O 01 r tin l t , 11 rncly h 11 

one ,lio<l i on or w!tcn both rt off. Th '!()Uh lent ir uil for th t o couducti 11 

mod ar ghtn in Fi . .l l. 111 lhi cir uit, 1t i umcd th t II re th ~ompon nl 
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re id,. t. 
VL . VL . 
I, I. 

IL R 
,, 

l'.i \ 'c, \'c, 
" t•c l'C 

) b) 

Figur 3.11: Ecp1h 1 11t cir uit hen ( ) on turned on nd (b) 
both re: turned off. 

1 h • ol,j th to formul v od I f r th oom: rler fr m \ hi h th 
tran i nt nd l hiht ch r c -1 p t m c n be ill\ t1 ted (27J. 

ri bl D ription of ch 

In th c mer r op r ting in continuou ucti n mod • th re h l ircu1t 
On I nd to hen diod i nd th oth r to h n both diod ff 
( . u • Cl l h Ian r trcuit i d ~ r 
th l r duel r curr nl nd th 

[ l

,,. ] ( • 4) 

Uurin f II , ir h Id : 

= 1 

durin I.,., 11d 

( i ) 

durin , h re 1 nd A2 

Th ulpul l'O h d 

t'O • l 
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durfo t , nd 

1'0 = 2 ( . ) 

l nd 2 

cqu tion i r lh t cir uit mod d pi tcd in I 1 • .11 ( ) nd (b) r : 

~ r '•• nd 

i r . 1 h n: 

[ I ] 

and 

durin t , nd 

[ I ] 

and 

d,t I - --,· -1, 
di I. nl. 

dt• I 
-•-rt 
di C 

-I n•c 
lO C (' 

l; 1 r ,, J 
l '1 

ro • [ 0 I ] l ,:' l 

ri ] ( :.~) 

(3. ) 

( . 0) 

( . I) 

(". -) 

( .4 ) 

( . 4) 

[ ~ J l'/ ( . ) 

[ ~ 1 l'I ( 7) 
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t•o = [ 0 I ] [ :~] ( . ) 

durin 6 . 

1 her fore 

l = [ i - ] ( . 9) 

nd 

2 = [ i - ] ( .SO) 

nd 

Ba • [ ~] ( • . l) 

nd 

132 = [ ~ ] (3. 2) 

nd 

aa=(O 1) { ) 

nd 

2 •( 0 l) 
ri ult. 

( . ) 

in ri bl d crlptiou 

• • • ' t O\ it hing period, th equ hon 
I in nd I, rt ult in in 

( ') 
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II PTI;R 3. ' I} )'r\/TJIJ-;. ]. OF co 1110, 'D ON\11-;nn;,u 50 

nd 

ro = (Bad li2( I - d)J • (:1. ) 

Introdudn m 11 c:: p rturbation nd p r tion into c:: nd de:: compon nt 

m II p rlurb ti n , rep nh I by ..... , r introduced in lh d 
titi , whi h ar rr.p ntcd b • tht' upp re "I tter . 1 h n·forc 

( .57) 

l'O • Vi> t•o ( . ) 

d I) J (3. ) 

nd 

( .60) 

D u in 
•,. = 0, 

Eqq. 3. i throu I: nd r o nizi II l h t in t 

:t 

r ult , ·h t rm cont iniu luct or • nd 1 r II I tt d ud 
(". I) 

= 1D 2(1 - D) ( . 2) 

nd 

( . ) 

qu tion i oht incd from l:.q. . ii by •ltin II th tim drrh th 
on term to ro, 1 her fur" th dy t t cqu ti n i 

A • B l", i:::: 0 
( .64) 

Pl in o l~. .61, thi r ult in 
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(3.65) 

"imilarly, u ing Eqq. :J.57 through 3.64 into Eq. .S result in 

vhrre 

(3.6i) 

In Eq. .611, the le• dy L l output ,ult 

Vi,= C (3.G ) 
nd th rdor 

(3.69) 

in Eqq. 3.6 nd 3.G , thr le dy talc d \'o)t tr n for functi 11 i : 

(3. iO) 

1)- n form tion or th nc qu lion into the fr quency dom in 

l:.qq. .65 nnd .69 con i t of the p rturb ti, n . in t pl c tr n form Lion in t::q. 

or 
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IIAP'J'Ell .t ANAi,)'~/ J\ 'D )'NI JJl, T' OF 0 I l'O 'D CONVEJlTBll 52 

3.4.3 Ext n ion of the S . t e- pace M thod for peak- urre nt 
mod 

w d , loped to fa ilit te the · of th foedb ck 
I tor. In lh com ntion I it edb · ppr ch, 

duty r lio \'ari tion to l ri lion in th outpu a compcn tion 
net~ork ("'i . .12). 

v1 ·------.... io 

J 

G( ) 

Fi ur 3.12: m II• i 11 I blo · di nun of duty r tio mod 

d( ) = -G( )i·o( ) in= 0 (3.73) 

1-rom q. . 71, th tr n r r function ch r l rizing th forw rd p th from thf' dut) r l10 
throu t, th 1>0 H~r t tu th outfH1l , h c: 11 be found: 

Then th product F( )G( ) i th loop in of th r, ul tor, 
d termin lion of G( ), 
hi ,'Cd. 

(3.74) 

Bode plot n Jy i of 
t m b nd idth 

P lr• urrent control i 
both th output ,-olt 
of th duty r tio. 

pprt ch, in 
nd th indu tor current are i tly im"Olvcd in d lernain tion 

In p k-curr , t ontrol th curr nt t db.-cl: 1001> c Hied ind p nd ntly of r u-
la b ck. H nee, nly th ,·,'>: tu ck n G'( ) i to bed tenninc<l. 

'f th p ,·i · current loo • ;ato th forw rd omc rt r 
pa Fig. 3.13, I 11,, • re d ribcd by 

lin r mod ·I, ind to c:on II to u h n, 
•ith input u, ml re th t l • feed I •idt>nt, th oth r 

more complic tcd p th now b if18 n intrinsi p rt of the com·, r r model. With ud, 
a mod J, d l rn1in lion of th comp n lion G'( ) i r. 01npli h .,. by th m impl 
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in I - tate [, dh ck analy i that d, ril,cd at the ht• inuin of tl1i• 
duty ratio mod . with rel kin th .. pine,. of J. tiou for the 

v, --------,i 

Figur 3.13: .,mall, : n I block din r m \\ith pc 1.:-currcut control 

Th dr\ lopmrnt of the d ii d ,, Lt•n ion of th modf'lling k hniqu i now undcrt k n. 

1 ht p k-rurr Ill control in Ii . .I can be <Ir uib I by 
quntiou iu th follo,,it1 form: t of lin r dift rcnti I 

• b • , 
== 2x 21, + c2rc ( .7 ) 

with f,, nr-' re th input to th y l m. L pl tr n form tion r u throu hout 
lion Ib problr.m i to d terrnine 2, b2 nd c2. Once lhc' ru, kno n, n 

qui\ lent cm uit mod I c II be inferred from l'q . 7 . 

T ,o pi 

I. 1 h 

wh re 

of infonn tion ar u rd in rrh in t th p k• urf('nl control t l ~u tion: 

,·er ed I:.q •• 71 for th• fo qu ncy dom in: 

== 1:x b1f•, + cad 

n1 = A 

{,i. i6) 

( .77) 

(3.7 ) 

2. A cl cription of th eti t of th cum ut t l!db k loop, in I he f rm of a control 
con tr int, r I ting, ri tion h in th p k cunc•nt to n ro) , ri lion ~c. nd 

Stellenbosch University https://scholar.sun.ac.za
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po ihl • al o to \'llri11tio11 iu ot hf'r talt x, the• inpul rn!tagc• i·, and duty ratio j 
r ult in: 

, I("' • • d0

) r,. = 1 rc,:c, t11, (:J. 0) 

I h e ho.o piece of i11formntio11 art• combined on ll11• ba i of th,• int 11iti\'e notion that th 
inductor cur nl i ct, n cd in latu fmm n unknown late to a driving term, whil th 
duty ratio mo<lulation lo ii i111portnnc a "" indcp ud nl input. 111 11 m thematic I 
f'Xpr ion of thi idt!a, the• tale ~1uation for i1 from tlw late~ Juu,• awra \1 I~. :J.7G 
i u d to Iv for d. whi h r, ult in a clut rlltio ,. pr 1011: 

J• , •• '\) ::: g :c, v,, ,,. 

(3. 2} 

from Eq. 3.rn 

(3. ) 

Th pr 
ii r c:oll 
. 76: 

ion for J (Eq. 3. 2) i then ub titutcd into ~AJ. 3. , nd II tcnn imolvin 
ed p rl of 11 w drh·in tc•rm. The r ult : reformul t 11 ,,. rsion of 1-;q . 

( . 4) 

'oh• th t tla • t te ,,.,u lion for h now i ju t 1,, = ~ ii, Th,. cluty r tio p ion 
( Eq. 3. 2) combiuc<l with Eq. 3. h th III numb r of iudep, nd nl equ lion 
th Lai \era c•I Eq. 3.76, from which it w d rh cl. 

F-q. 'J. I not d <'ribc the p ak-curn•nt ront rol mod , inr • it w 
from th tat p ,. r ed Eq. :J.iG. lfm, \c•r, it i now e y to in rt th ond 
pi of inform tion, tfi de: ription of th dfc t of tlu- curr~nt loop detail d in tl1 
control 0011 ttaint ( 1.80). 1 h • pc k-currt•nt t tc• equ lion i th n oht inc<l 

(' . ) 

I ot tit t th curr nt ,,, i 110 longer a t l ud the ord r of th y tern i thert-.for 
rt'du d hy on . fh m·w pow r t of Fi . :U 1 i how11 in Fi . 3.l ◄ (11). 
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/, f•o = f·c L 

. . 
i -~ t - ,H ..... 

(a) 

Figure 3.1◄: (a) Small- i 11 I m I I of th conv rtcr; (b) mod I \\ith E H 

Th<' open-loop tr n fo, fun tion (F( )) ·ithout compcn ation (G( )) c n b found u in 

Eq. :l. ~: 

(3. 6) 

ll can e ily b n th l thi i in 1 -pol tr, n~fcr function with roll-off frc: quc1!C)' at 
Jk. For t bility re n th roll-off frc:qu ncy Y.ilt be chan cd, with th indu ion of 

pol z ro p ir comp n lion n \Y.ork. 

m 11- i nal m dd of the con\ertcr with th a1, itor llr R i hown in Fi . 3.11 

(b). 1 he imped 11c "II by th inductor current i : 

Z = R1:n+ ~lllli 

ll nC) 
= 1 + /h) 

(3. 7) 

he tr n fi•r function th n b :: m : 

(3. ) 

I he control•to-011tput iain will ,, ry with out put iotuling, nd th L 1l i inne , 
the gain d r . 1 he output c p citor F H will d termin th fr quency at which thr. 
ero oc:rur , tht'refor cha11 ing lh in "fun lion of f..SR. 'lo en ur tahility thro•1gh 

all the combinations <l lo cl a,,cl tSH, th ,·olt gc amplifier will l, comp n t d to rro 
0 db al approxim tely one fifth of th Y.itd1ing fn~1u nc:y with l\tl ample ph c margin. 

' l h pole nd z ro occu, t: 

J., - 21r(R1, + lls~R) ' 
1 

= 2 2 
O. to-r = 100 JI:( .. , ·r t lo d) 
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101 lagnit udt' Rf! pon t• 

C: I oo 
'0 
:: 
.-;: 10-1 c:: 
lilt 

2 I o-2 
··-.-.Jnaxirnum load "--.... _________ _ 

~--_., ___ _._ ___ .._ __ __._ ___ ..._ _____ .__10.lf u.JUl 

10° ' I I OZ 106 107 

h1•qu IIC ' [ratJ/ J 

-lilt --
j - 50 

.c 
C. -100 ---_._ _______ _._ ___ .__ __ ...... ___ _._ ___ .__ __ _. 

I 0 - 1 10° 102 I Q3 104 10° 

FrcqUl!IIC , [r cl/ 1 
Figure 3.15: Bod plot of tran fer function without comp n lion 

J, = 
2KR,: uC 

1 
= 2 :,r x O.l x 200.l0_6 = Id/: (a,·,•ragt• load) 

Th g in (k) i 

= 2 X 'I( X 0.01~ X :.wo.10-6 = ,r;o kl/: (maximum lo <l) 

J.· = :JP./'! eflclh 
220 

= 3 x 
1000 

7. - 5.10 (avt rag load) 

= 3 x /: 2. = 1. 6 (rn imum load) 

I 01 

('J,90) 

(,1.91) 
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111,. control-to-output gain can b plotted lorg ,,ith the de ired O db '-ro in point, 
ard 1111 ,. t imntc of t lu• cum pen at ion nch~ork requir xi for th cr'"Or amplifier c n be 
mad . 1 he c.ompen ntiou houl<l ha\'1' a 21•ro at apprm:i1111 t •ly I HI:, And a gain of 
-Hi db at t hi fr~u1•11cy. By pl cin a 1 ·i ,or Ile = G kH nd cap citor Cc = 2.2 n F 
in the ,·oltag1• fecdb, k loc;,, 11 polc-11•10 Jl i1 i included in the tran fer function. Thi 
«·ompcn ation i y·1th • i cd i11 cction 3.5.J. 

I he compcn ah•d r pou i ploLtetl in Fi . 3.15 nd t l11• uncornpcn Al<•d r po11 i 
J1lott<>d in Fi . 3. 16. Low-fr qlll II") g .. in of JOO db at full lo d, nd l 15 db at Ii ht load 
an• obtained, with a O ,lb cro in t approximatl'ly 1.6 J.- II for both. 

I 07 

"C 10• -
C 

101 ... 

Io-: 
10- 1 IQO 101 

ft equ Jll'_\ (1 d/ ] 

0 Pltn -V 

~ -50 ..... nrn llnllm lo d 
lo" lo 1d 

i - 100 

- 150 
.c 
c.. 

-200 
I 0- 1 I oo IOI IOl.? IQ3 

107 

f-'t "CIUCII<'.) [ tnd/ ) 
1-"igur 3.16: B d, plot of tr II ff'r fun lion "ith compf'n tion 
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3.5 Synthesis of bus voltage regulation 

+ 

I, 

+ 

\'n 

Ii 

C 

1· 

[) 

8--

It 

I. tr.h 

Q 

Lok 
1 

'Figure 3.17: C'on\·,·rt,11 with hlork diagram of tlw bu control <'in·uit 

Prnrtic. lly. peah•c11rrP11t co11trol 111t•,u1 tl1ttt, in trad of tlu• rtor volta •c heing comp rrd 
to a ,·oh g1• 1n111p. it i cornp, reel to 1\11 iU111lo ue of 11w i11<i11clor c111r, 11t, fort ing tlu• l•l' k 
cu11c•11t to follow tlw c1 11or \oha c. 

Fig. :J. Ii illu t rat c a implihl'd block <lia mm of t! " con, rrtf'r t'lllployiu , I• ak•1 urrl'nl 
control. i11n•th1•l\H'rl1 1·i1ul11cto1 ,·um•nt rn11 d1a11g,..onh ifth,•error i nal chan,, 
thr inductor may hc1 rcpl11 cd h) a curr,,nt urcc. , nd the- or<l«•r of thr y lem r duce<! 
by UIIC. 

;\It hough tlwrr, rt• 111, II) ,uhanl "1 top ak-nm11 11t n,ntro:, thi le hniquc• i difficult 
to impl ment without 11it11hlc int,·graled rircuit that c II pl'rform thC! oci led control 
fuuc tion di 1•11s cd in th<' p11•,iou , lion. A uc,, int,• ratc•d cm:uit d,· i ncd pt ifi lly 
for cout I ol of pc•ak-r.11rrcnt ,·ontrol i t It(' '1 IG l,13J. 

3.5.1 Voltage Fee<lback 

' l he U( I &6 pro\ id 5.1 \' n•fp1 rnt e, By , ult c tlh·i i1111, 0.1 • \ 
reft•rc•nc-<' at th,• po itiH· input of !ht• ,olta 1• <'flur 111plihc1 (l i • :u ): 

\'+ = r,.I \1 

oht, incd 

if fl,= '2k'.!. 1111<1 /11:::: IOO H. If tl11•011tp11t u•,dtc•:; tlw n•q11iu~l l l \ 1 lc•vt•I, tlw 11c•gntiw 
input of the mplilic•r hould he at O.U \I, I hi mean 

\ :_ = I l ' 
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if R1 = I U· ud 111 = IO0 0 . 

h<-. c mp fl ti fl r i tor ll nd c1,p dtor 'c , 
fun tion of tlai cir llll i • . I . 1 lu-- tr II for 

\'(, z 
= -1.. 

== (3 ) 

(3. ) 

1 h r, db ck omprn c1l1 n, ll r (c,, ' dd 
::"""'1'-:""",li~ = I !-//: to tll{' tr II i r funcl1 11, if fl = 'h ( c 

f'O t , . 

l'c, :.: I \ 
,.I l HF.f 

Ila 
z. 

,,. - - - - -, 

l ,c ;," ' 
-H~~ 

Fi UI :l. l \ \lit 

3.5.2 urr nt- n1plifi r 

'l hr curr mplifirr m ) be u d in ) to 
current for m • 11 \\ it r , ·ir lt, anw 
input of th PW p r t ed t th ru ,I 
uppl . din ly, for of olt mu l pt 

bel w I. t lh cur tll • 1cth ' 
Ill • Diret • • • j r ftt-. 

n required lo 111 r oup 
J>r'0\0id • . II 

the ch m , the I Ill , ith lo\\ I < ch 11 

i r noi immufli from "\er I Inn II m 

cir \ in tr II fonnrr coupl 3). 

Th curre • th rut 111cth d 1111 flli II d . 'I he 011d r cu1t"11t 
(/. ) of th urrenl tr n fonn r i .t- tim th prim ry um•nt (/,.,.) h tlll':f'for h 
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l R_u 

I 
JI 

/lffRH 
1·•1 lj/1[ 

UI" 3. J \ ri 

I 
iooo''" 0.007 ) 

1 hi , Ju (' 11 be tr 11 form I lo , lu li1111tf'd b 
of 2'l0 0. 

( 

l h.) multipl in il ilh 

011 inductor 
cu itd1 i turn don I rnrr nl pi 

· n c of th i I. 1 hi pi 
u dur ti n t cum: nt n It · ti 

• J ircuit, I' r ,cul ti.) l lo r c I 
h lh inp . II.> II th t i require I to ik to n 
ho\ 11 in I 
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I) ·1~~1111:SI or ro fPO{ I) ON\Blll'l~u 

Fi ur 3.20: H fill r for reducin 

3.5.3 0 ill tor 

Hdt'rrin lo 1'1 . 3.21, n r l<'rn I r i tor llr i used lo 
c p f'itor CT in ord r to produce lmr r tooth 

m , b p!Jro im tcd t,l I t111 111 ml CT, tt. t 

/, 2 

111 CT 

it h lr 11 j Ill 

le on t ut urr, nt into 
1 I ). 0 c1II l rfr<>qu n y 

( . 7) 

, h rt llr c n 
CT - .i r,f ti 

nd Cr j ho, mo /'. I or 111 - • I ,n nd 
701.//z. 

both outpu t 

1 hi output d d ti11 ro r 

11 111t rn I I I. pul u d to toJ> 
it hin tr n iti n 

contro1lr I b Cr or in to th 

•• - II CT[--~ ) 

I or I r , I u of Ii 1 . 

( . ) 

rn II 100 pF c II b u cd u full in lo" 11 1 .. 

rnrr II • 11111 udro th I Cr I kept bm 1000 pl' to minimiz 
cill tor frcqu 11 .) 
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J 

12 rn 

10 

ur .21 'ircuil 

3. . urr nt Lhnit 

r th m t ttr th i tu of urr nt-mod C II\ rl r I it ur 'mit 
p k indu lo1 cur nl II pul by-pul b i • b) impl limitin th to 

m xi: mm , Ju • H f mn lo r, . .22, p k curr<:nt fonitin in th J i 
pli hect di-. id r n t ~ r , ll nd /l , to l prl!d lermined \ It t pin 

I. 

to I m1> th utput of th nor t 
"r rop of Qi, nd th for" rd drop of th • 

ll °' input r th lllJ> r tor ill b cl mpcd 
. foll thro I h to th input of th 

amplifi r . ·i ld : 

l e 

·h r \ '<;, i th, difT r< nti I input 
rel lion hip, " lu £ r m hnum , 

( .100) 

n mpli , r. lJ in thi 
of l "rn I 1>r r mmin 
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'J. 

•• 

'URHCN I 

l IMl'I 

Figur 3.22: J>.-.ak current limit C'I up 

r i tor c II b~ dcrhcd, rt uhin in: 

(3.101) 

R uppli hold in current fort he hul<lO\\ n dr uit, and th r for hould b 
prior lo le tin R , 011tli11 din the next tim1. 1 he n1rr nt i limited tu tlw p k 
intiu t r curu•nt h - i A a obtairwd from Fi .• l. (!>). For I 1 = \, llr. = 10 Hl and 
fl = IMO. 

, \ 111 ) he ·11 frum I~,. 3.101 , auy i 11 1 le th 1 0.5 \I t t 11,• <'t1rre11t-limil input 
will guarantee bulh output to h off, 111, kin pin I a rnmcnieut point for hoth hutting 
down nd low- t rlins the PWM fir, uit. Buth the unit 1·-volt,tgc lo kout ml hutcloY.n 
funrtion arc conut ffrd i11t~rn11llv lo tlai point. If c JI ,citor i II I'd to hold pin I low 
(Fi . a.23), thcu, lhc input ,ult ,. incr l o\t tl11· undcr-,olt gt• lockout I,, I, 
th c p dtor Y>ill duu c and sracluall) intrr. 1'1t• PW/\1 duty C) c I· to it op r tin 
point. In a imil r mann 1, i£ tht• hutclo,,11 ,mplifi r i pul Pd, th hutclown S I{ will 
Ii fin~d nc.l t}1f! cap dtor di h I t d. gu, 1 Ill<' in a hutdown ruul oft rt t rt r.yd1• 
inclcp 11<1 ut of input pul P width 

Stellenbosch University https://scholar.sun.ac.za



IIAPl'l~ll 3. 'Al.\ 1 ANIJ \'NT/IF IS OF A COMPOI \'IJ CO}\'\'WU'J:fl 61 

2 PW 1 romp. rator 

u11d r ,oil ,. lor.kout 

3 0 ml' 

16 

11-DN 

J.'igur 3.23· l in und r•\"Oh c lockout 11d hut do" 11 lo initintc lo,, t rt 

3.5.5 Shutdown 

•111 hutdm\11 circuit, hown in l'i . .21, i u d for r mote hutd0\\11 of the omcrt r 
b,> th h·I mm nd. I he cir it m .) l><! di\ idcd into n input lion con i • of 

comp r tor ith 50 ml temper ture compcn tt-d off ct, nd II outp 1011 

con i lin of th r11, 1 tor Int h. hutrlown i crompli ht•d by ppl ·· · I 
r lb n to · I" out f>U 1 to fir , nd tt I 

I trh to J>ro,i · 1 ht• outpu l thi point, ng c n 
h Pl n. Q, r urrent, 111, of ppro im l ly in ord"r 
to · 

0

11 t 1 , if Ur. i ch n tcr th n !·O, Q1 "ii' 
n • • 11 • on 1>in I to roun mmul ti output 
IIO\\jll Ct fll,.i d1 111 th n' n.Q,willdi 

nd r m in i11 th I tch wit lnxl off (3 'hi i wh • 1 
\\ II 2. J:O 10 Ht 

3.5.6 Coanp n tion nf p k- urr nt control 

ha curr nt mod control J>\\"~f I ', the en r ,olt c i t n r led t th,. output of th 
error mplif- r nd c mp red to the inductor urr nt l th PW r comp r tor. At thi 
nod ubtr ctin th r '"• n lion r mp from th t•nur \olt ,., or ddin il to th 
cum•nt- "II input, " ill h \ "t• the m dfoct: to d, re e th pul width function 
of duty l"Ycl • It i more n,·cnirnt to dd th !opt •comp"n tin r mp tu the urrent 
i111>ut. J> rt ion of th ill tor w ,eform ,·nil blc t th ti min c I> itor ( ,..T) will 1, • 

r i th ly umm[!(I with th inclu tor current. 'J hi i conn tcd to th PWM com,) r tor 
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~rror amJ> 

2 s 
,..... ...... -------~ Latch 

/11 

1.l~llT 
's 

lG 

Figure 3.24: 'h11t<low11 Cirruitry 

at lhc cunt'nt• ... <'ll"t' input . Thi' tomp<'ll ation drruit i -,hown i11 Fig. :1.2.';(a). 

H<•sistors R, anti Ii:. fo1111 a ·olt11 e «li\'idt•r fro111 tlw o c-illatu1 output to tlu• c111H•nt 
li,1,it input , 11peri111po i11g the slope· c:ornr1•11s,,tion on the incluctor cun<'nl wav, form . 
C'apnrit.n <'1 i a rouplin r.apnrito1 1111d allows lhl' ,oltagc wi11g of th,· o dilator to L 
u Pd without a,lding olf:;l'l cirntitry. <'itpadlor C, fo1111 a HC-filt1•1 with li1 to 11ppre . 
th,• I •111liug f'clg • !itch of tht> i11<lurtor r11rw11t wavt•. 'I he ratio of re• h,tor fl~ lo fl' i tor 
H1 will clctPrn1111c· tlw <'.Xl\d 1u1101111t of lop<' rnmp<'u ... at ion acl,lt·d. 

for pmpu "of clc•lt•rrni11ing tilt' n·.,islor vahws, c.npadtori- C1 (liming), (.'1 (coupling), 
an<l Cl (filtering) <'ctn he 11·111mt•d fro111 th• cir,·uit. Th~ o:.cillator \'Oltag (1•1) is the 
peak-to-pr k :>mplit 11<11· oft h ◄> ~ wt oot h wa\c•for 111. ' I ht• si111plifl1,d mod,,t b rt'pr • .-•nted 
d1ematic«'lly in I•~· :J.25(b) 

•ri,e induno. do•,•n:-:opc is from Sc•< 1 i••ll ,Ll.1 

di 
di 

u = /, 
l l 

= 1.10-11 =2A/J,. 

After it ha. been wn•wd by the· cu11t•nl tr,111i.fornwr, it i~ -,,, 
the en~c rc::-i. tor. 

(3.102) 

.. ··• , ~ a h ' tagt> through 
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\ 'Rt f 

C1· 

I Ttll 
c, 

from current tr n former 

(a) (b} 

Figure 3.25: ( )('mrp II tion Circuitry, (l,) u1 rp ition 

I h illator ch rgc lop i 

,., 
,=-= 

i n 2 l .10-n = 107 \ /r11 

If one u the circuit in Fi . .21:(b) nd 11p1 rp ition, th ,oil c t th curr nt- n 
l> ~om : 

l'r = 

= p,+,,, 
(3.10 ) 

whet p, = R''!A , nd p, = • n -. 
&..- 1 I 1 

'I he lopf! rnmpcn lion can now b <'alcul tt•d 1 = m ,, whcr" m i the 11101ml of 
inductor dowu lop to t,.-. inlrouuc d. Soh-in : 

In tion :J.4.1 ,ti found th t, tr th b l r ult , th" comp n tion lop mu t 1u I 
the down lope• of th· incluclor curr •ut . 'I hNeforc•, m = l. R1 la ,. lu of l kU from 
SN"tion :J.5.2 and th, rcfore i 

IOi , 
-=21:.JU2 ~, 10 
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3.6 Analysis of the PV Control 

I\' 

! ,, 
.I 

QJ on I 
'----'----'-----~_L.. I 

Q, on 

Figure :S.26: 'V,\\'dorm of the P\''M gcn..rator 

1h1• pulse width 111od11lator for the ,,f PPT rumpart•~ a contr>l rnltag (Vi; ) with a ramp 
wa,· form (\l,d and amplifit till' cliffl·1c11te to gi\'c a 411a1e waH•form whida dri,t the 
witching denwnh of tlw co11,·t•rtc1. The I wi,wforin., arc hown i11 Fig :l.2ti. 

'I lw ramp wa,·t•fon ,i i the o rillator cap, r.itor vult11g1• of tlu• routrol ri1rnit dock, 
de nil> (I in S, rt iu11 .J.5. 1 hi ,,·••"••form ii. dt•~crihNI hy Eq. ,J, I 05: 

wlwrt• /) is tlw duty rl'!tio aucl r i".'I the pc-,iod of tlw ramp ,,aH-form. Frnm thi:- <'qualion 
the duty ratio <'an IH' ohtai111·d in IC'Jll\ of tilt' runtrol rnltag,· ,c;: 

(:1.106) 

The rf•latiou,hip bdwt.'c·11 llw olar pa,wl rolta 1• (Vi•v) ml the dul) ratio (D) can he 
obtain d from thl• ,ol~ag(• transfer c<111Plion (I:,1• :J .JO) of th,• rotnpound C'>nVt•rl<•r as: 

(:1.107) 

In rtin Fq. 3.107 in Eq. :l.106 gh· s: 

By etting t lw control volt. gt• \ c· equlll to a rn11st,111t A·i \inw-. the 011l put po\\ t'r uht I actnd 
from AH offs t /..-1, or Va= /..-1 - kiP, tlw syslC'm slnw11 i11 Fig. :J.:!i is obtait1<'1I. 
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r _ (°{>II.\ ff! <'L.,, 
I I p ' tr---.-
• I/ 
I ' :-----.---__., 
I 

l 
" PV ,\nay 

-1-

Figure 3.27: Dia ram of 111• athc fcctll,, ,·k ~tPJ> I' 

3. 7 Design of the PV Control 

Th purpo of thi tion i to d i n the MPP'l control hown in Fi . 3 2i. I he IPP'l 
control con isl of an a11 log rider to add th,• hnttcr) c1111 <'Ill tu the hu c11rr,•11t. with n 

ain that comp n at" for I he wrage ,,fftcic•ncy of tlw, om· rtcr. It further rnultiplic the 
c11rr 11l \\ith 11 ain equ, I to th I\H rag~ output \olta •1•, to obt iu a, .• lu rt•pre•entatiH· 
of the PV nerator J)O\\'c•r ( P,,\'). 'l he adder h a uc• athc 1ti11, hcrau .. I ht• p,1\\ r 
mu th "'llbtracted from con taut (ki). 

lhenexl tcpi to cl<lthi i 11altoth,-.<'011ta11t(k1 .'lhcd 1rcdrn11trol ign l(\'c:) 
1 no u dtoco11trolth~tlutycydt. lhPcl11tyr.)clcufthc•1·u11,crtt•rco11trol 1111• nay 
,,>lta (l',,v) intcrnall iu di c·u ,I prc•,·iously. 

Inv~rting Adder 

Tiu in\C'rtin i\ddc r i, how11 i11 Fi . ,lo:! . 

I he currc11t to l>t• ilddt>cl 111 • ,, = iti and ,1 = ;, . ' I Ill' output ,,,ha c• t':J = -,U2• 
l,ecau c the input ,·olta ,. i\lld mm 111 of t Ill' opc•rntf,>11al a111pli,:t•r ,m• ZNo. Add in the• 
i11p11t r111 H'lll : 

13 = ,, + i2 
t•3 

( l't 1'1) = - -+-111 H, 111 
U-i 

(,J.Jl)«)) t•3 = --( ,., + "1) u. 

T iu g11.i11 of the i11w1ti11g ndd, r ( ~:) i ohtai11C'd i11 tlir m·x1 111atiu11 . Powc1 f111111 tlu 
PV g ncrator i obtaiuc d folio,\ : 
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whrr /., i the n t>d rurrrnt a11ci \o = 11 \ i tilt--. awra c oulp1 1 l \'oh ,. a11<I ,, - O. 
i the l\\ cm c• c•flkiP11cy or lw con, 1•rter. The current i l'II ed with a <'urwnt t ran fo111 r 
\\ith ~ llllllh ratio u~ = .i::oo. 'I hP en ,·cl C'.lllfi''lll ocs lo I'll c r• i tor H = 120 n. 
fhc n " ,oh t C'S t I and t'i in ri . 3.2 therefore, rr: 

•no 
l't = lo 1-f~O 

')')0 

•'l = JH 1~;00 
(:1.110) 

It i .. ,idrnt th l g i11 of 0.2- i Jrc--.1tdy built into th ilmplin of tlU' outpul urrcnl. 

n mu I tlwn hr: 

ll1 - 4 Hl 1f th fill r rcs1tc1 •r e I nl o ddNI. I hen ll1 = 1.2 kil 

Figur 3.2 · lmplrme11tatio11 of :\IPP1 hm lion 

'011in, rt in dd r 

In Fi . 3,_ tt, '°It c v,. - , U,. \\ h<', • 
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('JI 1'11:U ,'J. \ ;\ ' I.} ·,s \ \'IJ \ 11IJ S'/S or \ ro.\1/'0UXIJ ('()j\ \Tll1'f:ll iO 

l'lJ - 11 l',t - l',4 

('U 1 I) 

IJ) "Pl lyiug ,oha I' dh i ion, till' outpu1 ,olt, Pi oh1ai1lt'd follm, 

l c = ( I + ::: ) c 

( I , ::: ) (' l J 
1'1) 

Fur 1111it) 
n<I rho i11 Ii = :l00 !H. H5 hP op1rs 100 Hl. 

( .111) 

1
1

,. i I hf' input of I lw off l'l LI t hnt is C'I h) , ult t-. dt•\ i ion from th 1 \ ' reference 
,olttt •t• of tl11-. P\\'~I I . If Ii,= IO Hl. ll i obtaint'tl 1t : 

...!J._ R-
,, Ntif ' ]. • L H 

I ....1J._ 
'111;,-

R 

Bnt, ry Protection 

I lw n ll<'f) l'nit i prolt'i It'd Ii) ptC'\l'llting till' hnltt'f) fro111 O\Crd1 r 111 •. 1 Iii is dOII(' 

bymo11itor111gtllt'l1 tlf•r\,olt. <':11 )OIi, itgo o,crlhl'li111it,1lu P\ \'Oh, 1·(\,,,) 
i re ulnt,'<I to 1hf' upp<•r limit"''") from 1111• 111, i11111111 l>O\H I pn111t. In thi condition the 
f>O\\<'r tf'<'<'iH•d from th<' P\' 111 rttlor i ,, r) Im,, nd III thf' ,,or l c , •• \\ lu•n 111i11i111u111 
flO\\Pf i ru111i1 •·d IJ t 111· IOlld 11(1 m xi11111111 po\\ r i H1ilablt from t 111• P\' <'twr tor, 
th" <'t 11111t to t Ill' !Jttt tr) i f,-.,, 111 1. 

A 0011 th!' b 1tt1•r) '"h• g<' drop liclO\\ tlw lo\\et limit. tlw ~IPP I t its op ratin 
a i11 and the h ll<'ry i d1nr Pd. J'lii i clone hy uw. 11 of. h • t rcsi cin 11it. 

1-i • ,J.29( ) h ,, tht• ch ,. c·un,• of tlw I, ll<'t), It 1 1•,•i<lr11t that tla1• ,oil, f' ri•, chc 
udd1•11 penk ,, h<'11 full) th r •('(I, 1 hi pc k i ust•d 11 11 i11dkatio11 t la ,t lhl' b t tPn i 

ch rg<'<I. J Ill' luu I cur,e i en rd l1y ,olta "<li,i ion (/1
1 

utl 11
1 

in l'i 'I 2°(h)). 

Q1 1111d Q2 l111n• nu 1·111itttr r< i ,or. It i rs <'lllinl 111 t Q
1

' n--i tor lw Ir t•r th,11 
Q2' . 111 lh t \H1\' thr ti.resit Id u 1d to turn 011 Qh \\l1id1 is one diod.-. drop 11bow th'-' 
l'lllilt1•r ,oltn '-', ri 1• wllt'11 Q1 i turned off, iu I' thP t•111it1t•r 1urw111 i Iii her \\ith Q

2 conducti11. lhisptodl11: Ii) tin i i11 1 l1t•tri PJ tl11t hot,:. 

,\ um<• Q, , on nud Q. i I '; AU. I Ill'< mitt,·r nun•nt i 
th<'II. 1:proxim 11t•ly 11 = 

1 
,;. - ro - 3 m •• lo ,,itch Q

1 
off, tl1t• \Oltn ,--. lit b, St--. 
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Vi' 

1 I \ 

( ) 

ln 7T 

( h) 

f'aparit) t 11, rg d 

-

1/1 

l'H 11 

Q 

I 1 

Figur 3.20: ( ) Bntttr) d 1 rgC' rurH· ( l,) B tl<'r) prot{'("lion circuit 

11111 l b,-. 

n o. 5 , 
Q 1 mu t \\itch off \\hf'u lht> L, llcry \Olt gt• \Hi Ii than II\ . By me ll!i of \Oh e 
rlh i ion tlu ~ i tor /11 1111d 111 ,{' le t<'d 120 lO ml 10 H! resp, ti,rly, to h·c ,1 

b \'ohn e of 0 . .J \ . Afkr Q 1 is \\itclu·d off, it mu l t •) off until \n = 14 \ '. 'I he 
I, c ,olt ,. then i I \ . 'I hi \Oita ,. com-spo11d 10 1111 • mitkr ,oltc1 c of 0.3 \' nd 
n mitt er current of , "' t. I hr purp of Q2 i to prm id,· thi , urrf'nt when Q

1 
i ,,ff 

and lilt· rnllc tor It' i tor"◄ limit it. "◄ = 'I,; = 20 n. 
Ir II i tor Q · used in II im"f!rliu t f'. It i • ,·iclcnt th l \\ lw11 the b, tl< ry i char t d 

and Q, i 0111 Q1 i off nd Q i• 011. ,·itl 5 \ ' on thf' 1 utput . 1 his i II Ii dded to 
th con t, nt !·1 of th,-. MPP I' 11d di nhlt it . \ ,., c u l' lhl' po\\er to roll ,,,•r he 
m • imum po,,, r point , f tht.' I'\ l'llerMor, with the r ult th I tht> J>O\\l'r f1om it i 
de re cd rnou •h lo limit the um•nt to I lw Ii ltN to f1•,, 111 l. J'l11• h 11,•r;> rh r e 
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rc·gulat iun I ht>11 i, itt I ri • 11•r d1iH •1•d 11101!1•, 

3. 7.1 Synchronization 

It i i111p01laut th, t tlw twu nmt1ol I i1111its uf tlu• ro1111Hltt11d 11111,t>rlt•r ,1r1• s) •1dm111ii.1•1L 

l11 tlai-. 1•cti1111 tlw c.loC'k, of tht• tw11 drniih lHI' "~111l11011is,•d. 

l'lw ti111i11 <',tp,11 it111 ('1 of tlw .\IPI• I n111f10I, i1n1it will 111• 11 ,•d ,, a 11111mi11gj1111rtim1 
r,)r tlw ;111,,log, lt\\looth and di'1,it,,l ) 111 i11p11t. 1 lw P\\'.\I is allowt•cl lo mil i11dqw11d1•11tl~ 
11,ing its ll\\' 11 ,,, ,111d ( ·, ("e_}IJl(>l!IH'llf i11 lanclard rn11Hg1aati1111. lo, ) llt ltru11iz1tli1m II 

digit11I ~\ 11,· p11l~1• ,, ill he 11111•ri111pu,,•d 011 tllP Cr \\',1\'do1111. 

Tlw ')111· 111ilsl' qui, kly 1t1i , . ., llit• \'olt.tgt• nl (', ,11,on• tlw P\\'.\I <0111pa1.itor tl11f> hold . 
' I hi, for n•, ,, d1,,n,1?.1' in I he u,t·ill ti 01 di.tr 11/ di~r.h, rg,• ,t ;ti 11 ,rnd oprrnt io11, I lie• o,, ilia
tor tl11•11 lw •i11 it, Jll11111al di,charg,• eye Jc,. ,y11d1101ai,t cl lo I )It' .. yur sig11<1I. Thi!\ cligital 
ync p11) c <>imply 11ddll lo th,• a1111log <'1 i11p11t H•lln ,,. ,1l,m·1• il11• 11p1wr Lhn•shol,I ul th«• 

I Olll)lcl I ,t tor. 

111 pm tic 1', I his approa, hi:-- 111•-.1 i111pk·t11C'lll1•tl I,} l11i11gi11g r1' to gro1111cl t l11011gh , ,mnll 
1,• istl\llCt' (:t:J H). I hj,. low \',liue• i rl, 1 h•d i11 01de1 to hrn,• minimal off rt a11d c>fft•, I 
1111 I ht• inil i11l 1N·i lli\llll frt.•<1111•11Q. Tiu• s) 11c pub" "ill ftp c1p:1lic d ct< r, ss t lw resistor. 

\ 'u1.1 uf 1.iw 

Figur 3 .30: ' ,·11, , in 11it 

' l IIC' ) 11<' c·i1n11t ,,. ho\\'n i11 Fi~. •.:HJ. ,\ posit in· 11i11g ignnl l t• ts it input tn th«• I,, l' of 
t rnn i"lor Q,, \\ hid1 up1•rat ,. d"' , 11 <'111it I 1•r follow1•1. 1'111• le,,di11 , c•clgt> of t Ill' S} 111· ,-ig11nl 
i nmplc•cl into tlw ha.,., of Q-i tl11011gh cap rito1 C1• clt•\1•l,1pi11g a ,·olt,,gt• Hrto H1 i11 
ph111• wit Ii the• "Y'•<' i11p11t , \\ilh a tinw d111r1tiu11 of HcCr, \\)ll'l'l' Hr is ti,,, t'cp1h,de•11t 
re i tanct' n -.r,•11 h) tlw c,1p litur. l lu• 1·,dn1l,1tio11 uf Uc follm,·!-1, Q, j-. bi,,,,•d h, 1(

1 ancl R:i, 'j he• , ,,It ,1g1• 111 I he• l,a,t• 11[ Q2 i 

\ IH = ;, 
/1':.i 

,i 2.i. 103 

= .!.i. llJJ + l. . IO' = ,i \ ' p 11:q 

A-. 11111<' Iii.ti Ilic• lu1 f ' t1 tnitt111 1111 \Ult 1g1• is tl.i \ . \\hi,Jr IIH'ctll"' th,11 lh,• \11h, ,. 1tr1oss 
/( I is :?.:1 \ . I hi giw~ i\ll 1•111illt'H' llllt'llt of ~ = r, /II \. ,\ s 11111" t lt,,t O - lllO, '" - ll 
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C/IAl''l'lnl:J A\'A/,)''JS ,~,I) \' '1llf. ror C'O.\ll'OlS/)('0 \l~ll1'1~U i3 

le 
Ym = \r 

= 5.10- - 0 ., u 
25 10-3 - ... 

=:> r~ = 
tJ 

JOO 
100 Sl -= 0.2 

Ii, = , ... H"' o + J) = ,I 5 Hl 

(3.11 ) 

lie = fl llllr I.; t•'t 

11d the tinu•duration ofth<" t'urrntl'd t 11al :., 1, 1 , l! '1 u , ,hich i i nifica:itl) m,ller 
tl11111 thf' wit hin pt'riod. f hi i n Ii drhen tt .. > 'l',1 •, to the lave timin c J> cilor. 
forcing ynchronization of th,. la\<" to th<' ma ter. 

3.8 Sununary 

Jn • I i d1r.pter tl1e oompound <OJI\ <'rler ,, n I) eel nd d i ned. ~om1>un nl \ tu 
\\f•u•oht ined, which re ho\\11 in l11e d1,.mnti dia rm iu pp. G. 1h Uwrm I nd 
play ir, I pro1>ert if of 00111po11e11t ,,,•r<" lookf'd t c n·rully in orclt•r to find out \\ hid1 
< ompo11rnt r<• tlu· bC'St for p t• pplic tion . • t hilit) \\ft I o II im1>0rl ut d i 11 
co11 t raiut. 
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Chapter 4 

Practical Evaluation of the 
Converter 

4.1 Introduction 

In tl1i d111plt•r the prototypl ni i ii" lOllli>< t111<l <'Oll\<'r1cr i <'\, lu led a aiu t them in 
d ign f>P<"lhrntio,1 . 11 · 1 roloh 1>1 comt•ttt•r j,. hm,n in 1'1 t.l. 

1 h first cti 11 <'onsi t of, \t fm m u ·d 10 prO\c the 1111 I i ud de i n f rliffcri•nt 
p rt of th compound cou,t>rt,·r. l he t I r ult of th" maximum f>O\\ r J>0int tr c 
er ( IPPl) i hl'n in 'N'tiuu I •. In '{'('tio11 1.4 the <'fhci<'rtry i ho\\lJ. The uoi 
me•, uwrn, 111-. nre ghcn in 

4.2 Iea ., '.lred \Vaveforn1s 

4.2.1 Pa-n..:ti ~a ( Arran 111 nt 

I he prnrticnl annu,g,·m 111 of th<' 1>0,w•r y tl.'111 hri•, rlboard modt•I for lll<'l1 urfo nmin 
ircuit ,, v(•fonn is hm,11 in ri . 1.2. ('orrnrn.•rri, I I r pnnd 111,• u ed fur the PV 
Pner tor. It i ilu t,·d on th<' 0111 idl.' of thC' lnl, t tor) "'I is C'orrn,· led to tl11• co111-

pou11d COJl\'<'rln tl1rough the c 11,I on th<' ti ht. I hl' 1, tt,•ry unit i itu t,•d 011 th left 
oftl1t•pic:tuw. 

1
0l<'lh l Ila,. rth<o111w,tionoftl11•1 <illo opt>piol,,,j 111 ,Je hurt 

p ibl,• by ,,rappin it around tlll' tip. tu r••tftu·<' l:MI. 
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( '/1\l ' ll:U I l'll\c ' ll(' tl l\"\ll.\/10\ 0 f fill c'().\\/UllU 

J' igure• 4 . 1. Pu I 111,· of !hi' prolul\ pr I '0111p,rn11d ( 'oll\ 1·1111 

I ,lt,--.r lurlunor 

I 1ll1•r ( '1tp , ilor 
10 I \ litl il1I, r, ,-islnr 

to u 

11 < '111111111•rd,tl \ 1( ',/ , t II 

111,~ ( '0111101 l'ro1111\1u (1111\«ri.r 

I r,,11,for 1111 r 

1' 11111 It\ S\\lld11 .. 

c 011,111, r, 1o1I (, Sol,tt !MIit I 

\ I l'I' I I 0111 I ,I 

l'ig111•1• 1.2 11
1,11111 ,i) ,111,1111/,11111111 ft•I Ill ,1,11ri11~ \\1 \, f,,1111, 
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('JIJ\l''/'lm . l'Jlt\ Tit Al, E\IAU A'/'/OS OF /'JIB ('OS\'J;fl / Di 
7fi 

2 
2 

(h) 

-~ -- ~ _, -C -C C,; 
C,; I. 

t I. (I 
(I ~ :, 0 

t.l 

-I ... 
-I () 

2 :s 0 3 
I 11nc ( 1 · 1 () •6 

1'1111<> ( JQ-6 

4.2.2 

Figure 4.3: ( ,) IH i11 talc I, (l1) IH iu . 1. le 2 

Battery Curr nt, 

'I he hntt<'ry <'urrcnt \\c \l'for111 in converter 
prim, ry witch witda • 011, lar <' rurrcut pikl' 
llmc• a prcdickd in th<' lln I~ i . 1 h currc•nt hn 

tu tlw b, ttcr) i ,·er) low. 

hown i11 Fi . L ( ). Wh<'11 th<' 
r!-i , l'h1• r t of t lw wa, c-form i l he 

th«· induC't 11cc 

1 he ,,nw-form iu Fi . . (b) rcpr 1'111 tlw b. ttc•ry curn•n! i11 conH•rtcr t tc 2. A , in, 
there i l,rgc c-um·nl pike aft<·r \\hich the current inn,,,, tccply rlue lo th" lo,, 
iu<lurt 11cc. At the in t1mt th«· c oaulnr) witch \\itclw on, tltcn11rc•11t lart in«rr in 
nt a different lo1>c, n pr«•dictecl in Fig. ,U. 

4.2.3 P ak-Current Control 

l!I thi cc tion the J)<'11k-cut11•111 , 11111101 c11mpe11 "'ion i illu ti lc~I pr, cti,~ally. 1 he 
,,11,·cform in l'ig. • l(n) r<.'p1 cuts the inductor ,·um•nt withol:l co111pt•11 lion. It i 
cl«·nr th l t l11• « 011! rol i 1111 l lil<·, bt caus<.' th,· c•rror de.I up duri11 c•ach C) d ,•. 

I he wawform in l•i . .4(l>) n•1u1 e11ls 1l11• inductor cuut•nt with ,ompt>11 11ti 11. lu thi 
, e th rontrnl i I alil,•. 

'I he currcut n c ,·oltag, \\ilhoul rn111pc11 ation in th• ,oltn e i "'dlu1ck loop, i IHm11 
in J,i • I.,> (a). It r II he •~·n tl1at th<' y tc•m i 1111 table nd or.ill tion occur at 
fr«·qti 'IIQ' of 1 I.-// :. 

111 J,i . Ui (I,) th1• c otnpcn at ion in thf• \Olt fN'dh, ck I op I indudeil. It is c, id,•11t 
th I th<· ~)' lt>m i trtl,lc. 

·r !w ft' uh pro\'«' that tilt' d(' itt~I CUIIIJl<'II tion for the• pr, k <'llfll' II( 1·011l rt I. cli cu sed 
in ~ ~ tio11 :u i ,•ffe<:ti\t', 
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a ) 11. wal hout co111pc11 ntion 
1.5 

l ..... 2 -< < -- --C 

~ 
C 0.5 Ci 
Ci I. 
'- y 

L. 
L. :, 

I) c:; 0 
c.. 

- 1 - 0.5 0 5 0 5 
ru,w l 1 1()•6 1'1111e ( ] 10-6 

Figure 4.-t: (a) P, k-, 11rtP11t, 0111 rol \\ ithuut com pen , tion, nnd (I,) with r.ompen at ion 

0 . 1 

., 0.2 ..... 
Ci 
t 0 

_, 
0 
~ - 0 .2 

-o. 
0 

0 

0.2 

ll.2 

,•n c , oil ,,,. "11J1out co11111c11 

0 .4 

II. I 

0 6 

Tim • [ ) 

0 (l 

o.n 

0.8 I .-, 
.,; 

lllllt • ( ) 10-i 
Figur •.5: (a) \\' it'10111 c·om1>< ll!ill toll in out id,· f.lOp, 1111d (h) with ,~0111p<•11 lltim, 
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20~ 

5 (h) Gnt<· Curi t•nt 

----:,. 
10 < ..... 

' --lit 
0 ~ ....,.,, .. _ .. ,.._...... 

"" 0 
;;.. 

-~ :,. 

Q .,,. 

0 .,. _. ........... -◄ "" :: 
t.J 

- 10 -5 0 2 3 () 

Time ( 10-6 Tun• ( 

Figur 4.6: C ,ate ,lriw wmcforn 

50 (a) llioclt• ,o)I 1ir .---......... --
0 

-50 

-100 
0 5 

Tun I ) 

.,,. 
Cl) 
C .,,. 

HI ~ 

2ot\ 
\) 

0 

T1111c ( J 

Figure ◄.7: (a) Diodr \'ull.t ,-. (IJ) Drain- um• ,olt e 

4 .2.4 Ge t Wav forins 

2 

J 

7 

:, 
· ao-6 

5 

· 10-6 

Fig. 1.6(a) how tl1c ate· ,olt ,-. wa,1.form. It ,. 11 h,--. , 11 th l then• is al1.1 t no 
,olt c· o, r hoot. 'I h • cum•nt wa,1•for111 i howu i11 r'i . 1.G(h). 'I h p k cum nt 

111 to b near th,· maximum for th,• UCI h ancf houlcl ht• !united with a Iii •!u r tr 
H' i t11ncc. 

4.2.5 Snubb r W ve for111. 

Fi . .i(a) rc·pn l'llt the• ,ulta r cos rt•ctifit•r di~!t• with a ca,, citi\t• 11111,ber. It i 
<tu I to the nuhher c p itor ,olta , •• l he 1•11c·r ,. , «M· not u rill lt• 1cl\,·cf•11 th le k t• 

in<luct nee• nd th,· nuhl)('r <' pacit net•, be u t• uf a da111pi11 rt"si lai1u•, di i. 
i11 S ction :t.J.5. 
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CIIJ\l'TB/l I. l'llA( '/'/CAI, l~VA/,l J\'f'ION <Jf,' 'J'l/1; CO,\'Vl~UJ'CU 

lkfcrri11 lo Fi . .i(a): \Vhilc• the diode• is 011, th \"Olla r aero it i ap1,roximatdy 
z ro. Wh n th dio1fr-. witd11 off a a r ult of th rontrol witch witd1in off, the 
,oltag,• Mro thl' nul,b r c. pa itor incrf' Ii hlly, Cl\U ing th,• owrall cliodc• mlta e 
to i11nc•a f', Wh,011 nil th <'nNgy from th,• tr ,y ind11, I nr« 1 111, orhc«I l,y the cap itor, 
it t. rt. <li ipat ing it into t hc nuhber rt• i t ance, nrn in the w>ha ,. to cl Per . l~ater 
th other diodr witch, on, ,·au in a 111'8 tiw H>ltc f' era the on<l1uy winding on 
this iclr. 'J hi re ult in a 11c atiw \'OltA 1· lhC' rliode. 

H •forain to rig. l.i(b), it 0111 1,,, eeu th t tlw prin1Rry \\ild1 witch on hard. 1 tw 
m.~b;-r di cluir c> cunc can be c ••• on tl,i \\l\\t form, I, • u"' it i tu111 formed from 

t tlf' concl, ry idc. 

4.3 

4.3 .1 

iaxitnun1 Power Point Tracking 

Practical Arrangeu1e ut 

'l h prnrtic I arrnn ement fur lest in ttw M PP r i hown in Fi • L . 

4.3.2 't t R ~ulL of MPP'l' 

I tw I PP I ,,. 11 led b~ first IIIC'a uring t hr-. OJ>C'tal ing point of the co11\f'rt1•1. 'I h,-. 
l'V ,.,wrator w. I hen qui kl) di lOllllc tc•d from thc• , om f'rt,.r, ,urd po111l do c to the 
opcratin point o' the· con,,•rt-<•r \t'TC' 1111•11 11,,-.r1. 

'l'hesf• point IH«' h,·n in l'til1li• .I • 'I 111 fir l poi11t, in c•1H h ca .. ~. i the operati11g point. 
nd the followin point 1m• th, p ints arnu111l thi llflerati: point. lu t•, ch c c thr. 

me. urc•d OJ>cr tin" poi11t \\ ~ the ma ·imu111 J,O\\c•r point. 

Wtum the p nel with th,· ri •lit \0lt11 '" ran ,~ for tlw c nginecrin moch•I ,u,• \" ii hie, 
lit•lte1 t« l rc•sult \ \ ilt h,-. obtAined. 
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2. U - 10 U 

10 , \ \'nriahlr r i tor 

l'iltt>r lndur.ror 

riltrr C'apacitor 

onclary S\\ildu• 

l o I ' • 

I• (' J'rotol\ p ( 'onwrter 
, 11 Olllrof 

Pri111 ry \\ill'l1• 

ou - ·ou ~ 
fl'I' I' C'ontJ:1 

:1 I Variahlo rt• i lor 

Figure ◄ .8: l'r, cti< al nrr.tn enwnt for III urin ~I l'P I 

•)· -_..,_, :?:J.1 
o.so a:u :?,>.(i 

:! 0.iii .JO.:? :.u,o 
0. i6 :w,; :l:?. 
(,. i I .JI .0 ~2.H 

:1 0 ... , ,,_ :?(l.!1 :?!.", 
O.il ,JO.I 21.' 
O.i.J W.O :? 1.2 
0.71 :m.o :?l .:J 
0 ,(il) ,Ii .O 11. I 
O.t.ii :l:l.O :?J. 1 

:10.; :?ti. I 
:?!J,0 2LI 

O.i 21.2 21.2 
5 O,ti I w.;, I • CJ 

O.fi~l :?\J . () 17.G 
0.hO ,JO,i I ,II 

Table 4.1: ~IPI' I \ l1•11s11 n•11w111 s 

0 
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CIIAP1'f,ll 4. Pllt\C'l'JCAI., EVAl,llA1'10N OP TJIF, 'ONVERTER 

27 

~6 
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21 

-lit 23 -... 
I.I 

22 lit 
0 
0. 

:t 21 -
20 
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24 25 

Mtt,imum Po"er Point Curve 
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I 

max1rnun1 pow~r point 

0 

26 27 2U 30 31 

J'\' \'01ta1" [VJ 
Figure 4.9: MPPT testcurves of the convert r 
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CII P'l'EH .,. l'HACT/CAJ, L;V.,\l.C/A I IO ' OF TIID co. ·v,m I EU 

4.4 Efficiency Measurements 

4.4.1 Practical Arrangen1ent 

'l he pr (ticnl arrirngcm ut for n11• urin the Pflh icnc · , f tlw omcrler i ho, 11 i11 "ig. 
1.10. 

l'o 

Filtt?r lruluctor 

2. n - 10 n 

10 A Variahl r i tor omm rc:ial 

I) (-. J>rotot 'p,:i onv rt r 
11 ont ror 

IPP'l Control 

Figure 4.10: Pr cti I rr n <'Ill nt for 111r urin cffi icu 

4.4.2 ~ t R ult 

'I blc 4.a repr nt th effidenc) of llae comp nu<l Clum rlcr in diffctt nt conditi n of 
load currrnt nd ball ry ctur nt. 'h i the aclu I cffi i, t\C) n,l 'IJ i the cffi i n y of 
the con,crtcr when th I in the control cirt:uitry ,. i norcd. It i , idcnt th t th 
control circuit h a r • l influ no un the flid nc:y. 

Fig .• 11 how an ffi icn,y cur,1• or tlw ,on,.-rtrr. It can h" nth t the.· cffi i nr 
cl er with ad r a ing b tlery current. 'onn lly th diid n ) in re ~ ill high r 
output pow ,,. 1 hi i what cau tht ucld n ri in effidcnr) ho ·n on th un . 

To improv • on th~ pr nt J ign of tlw co111po1111cl conH'rtcr in l •rn or lfi i nt·y, it i 
important to know wh r th I o c:ur in th cirruil. 'I h I c n b roupcd in 
pow r el ftronk lo . In pr vio11 d1 ptc Ill<! pr ~Ii lion ""r • 
m d for c rtain l ,, r m ure<l at criti I pl ct in th,• c:ict.it \\itlt 
40 W 106«1. fh ~ result are h \\II in Iahl .3. 
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Ps '1. "'· 7.oO 2.0 2 .o 
l .6 22.1 
l. t .2 
LO 11.0 
0.6 
0.2 

Tabl 4.2: Effi i n y 1 urcm•·nl 

100 
f:frl ltMw, Cune 

0 

r.rru•a nc p !.I. 
80 
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0 er Inc b tt r urr rat --.. b\) 

. 
tor 

~ ... 
" I 

0 

.,0 

10 

0 
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Out1iut Po• r (wJ 

l Figur • . 11: hfl1 i ~1c • cun of th c m rl r 
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4.5 
. 

01 

ption 
· po"' r for t 

ply p , er for 
nary diode I 
mluy diode 

,,ary FE1 co n 
ti r • 1-'ET 

1 bl 4.3: 1.o -me 

Mea ur m nts 

urcm m 

2W 
2.25 W 
1.U, W 

1. "' 
2ll' 

l.21> "' 
J.j',"' 

Th,. noi m nt " r don u i, · 1form lion from [24). 
, rl r, Ii v. itching oom rt t orm de i111,ut 'Joll 
nd th n comerl the c: o ired de , It It 

h com1> und on
,·oll 

nt d 
itn ,l I h l c II b condu mitkd liar out l t ud 

of l • ermit cq f ,o i rn I 
fil Crcq :), th I 

h . It i n lure of th "' 
. In en · ul tcd con tMl 

rn itch. n y ere t 1>: diet bl b nd ,~ idt h, ~ hich ll n• 
u lion int th ir 
1 d d p nd lchiu fr qucr nt r que.ncy 

, fhcult to <'Ont l r r, it i 
nd control the thr m t I n, 1c nt t p of 1 

• Input diff nli I 111 de II i , 

• Input c mmon 111 

• Output noi . 

h follm in 
id ntifi 

lion bri fly ddin 

.5.1 Input Ditt r nti 1 No· 

Input dia r nti I m oi i . 
h l\\ n th l\\o input nduc put noi • 
ho ·n in l·i . .12 ). J h C'IOII\ rt r wit hin tr n 

urrrn nt t 111iqu , nod 

r \Oil t• difl'. rcn 

d II I 
itch Q1 

Stellenbosch University https://scholar.sun.ac.za



Cl/Al' I Ell I l'IUC7'1C I, J;V,\l, l 1\ 'JIO,"\ OF 'J'IIC f'O 'VEflJ 'Fll 

Ii l 

\' 
l 

( ) 

o,,l'VV'-Vi .-+~· -~1-c-,v 
-----~Q, 

Ii /, 

v.r. r't1rrrnl ptuh 

(l,\ 

Figur 4.12: l111>ul .tifTcrcnti l mod n i 
ilh (b) urrent prob 

C 

JI 
me ur m nl ,~ith ( ) ,, It pro nd 

, hich l unt n nd off t th itd1i11 frcqurn y of th 
b• ,. ri hi r it r lit ~hi h ch II Ytith the I d. 
built into th co"' rt r. 

imul tcd 
k up n iuput filt r 

In th l ), \OJ t• urcm nl i I iupul l mun I 
of th c n f ,oil be. Th qu nt the input r1ppl 
current lim l urcc ec. But tom u I ri1>pl urrc11t 1 

th i u b Imo urcc im1> nd 011 p rly c ntrollcd 
of th 001111 in th output of th upply. Al frequ • 

en nt of "ire on lh b n · nific nt dift ren in th 
n noi If II id : ro i1111) 1 d, th me u d n i 
v ulc zero, nu m tt r how II oi curr nt. 

t' n bet I b the p III Fi . 4.12(h . 1 he noi 
current of th com rter i 1 1ed dir tly b Ill< 11 ur cuu nt probe; lh 
im1 "ill m k liul tlifTc · th urrcnt n . '1 h efT l o 
forth r reduced hy ti H, ,,hi h hou hi · mil with 
mall ri indu l nc 11cc th frequrn y i1 

rrcqucncy ftnd aoo, ·) n ling i from 8 lo l he 011, «!rt« r hould 
1 ihle, to minimi ili ind11 and r diated noi • If th int rnl\l filtering 

f th c n,·crler i 11ol • 1t to athuu tr. th diff'. p•ntifll II i lo th I •,el din 
l n, dclit ion I li II ma · b dd I on lo l hr. input. I h Al> ito hould 
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of input difTcrenti I mod 11oi e 

-~ 0 .01 -C 

t 
8 

-0.01 
0 2 

Tun ( ) 

< -
= --
C. 

e 

1011 

f-"r qu 11 (llz] 

igur 4.14: ( ) 1 urcd input diff, r nti I mod noi or 13 th I) (b) p trum of 
iuput difTi nti I mod 

qu lit • l nl lum ith lo t!Quh'U) nl ri 
indu l n ( ' I.) o, r th frcqu ncy b nd bcin 
th indu<'.lo . 

ri 
for 

rk cor tly, l nin imped nc on th con of th fill r 
mu t be th input imped II of th comcrtcr. T · • · r all 
witcJ >1>li con t n r, · put d 

input p, · ut curr"nl mu I o th input pm r 
ppro ta th input i • th nd the 

out > r th dded filter ·ill be J n to can d out 
frcqu n • and bccom u, . Th m urcd ~ \ form for th PV 

tor i hown in F . I ( ), with tl trum in Fi . . l •J(l, }, nd i hown in 
14 for th h ltcr) n1>ut. 

Stellenbosch University https://scholar.sun.ac.za



CHAPTER 4. PRACTICAL EVAUTA'I'TON OF THE CONVF.R'fEfl 

,. 
cm rent probe 

Cs 

osc: i 11 o. mp<> 

(a} 

Rs L 

current probe balun 
r--,,....,..,~---~---, 

oscillosrnpe (' 
per 

C 

7 

(b) ... ----------------1 ~- --··-· ________ __, 

Figure 4.15: (a) Input common nwdt• noi ,. 111c<1st11c111~u1 (h) luput rn111111on mo<I<• noi I' 

measurement with balun 

4.5.2 Input Comn1on Mode Noise 

Fig. 4.15(a) how!! how to 111 •11.sm • input common mod• nois~. In the compo1111d con• 
v rter, ,witching tran i'ltor lift! mounted in dose th rmal cont ct with the chru. is, as 
,ti cu . f'd in Section 3.3.9. 'Io maximize ht•at tra11sfcr, the ,·I t rical iu ulation bet" ~·u 
the collector or drain of the s, itching tran"i tor is madt• as thin as pra<:tic.:ally po ihle. 
This crcat a 1>ara itic capadt.nncf' from the drn.tn or collector of the lran. istor to the 
ch si . When the switch ope-ns or do c., noi.,c> curr •ut will flow from the switch through 
the par;1.sitic: capacitance, lhro11gh R1, and C, and then through the ground conueclio11 
back to the cha si .. This noi~e current i. mall, hut an LC filtt.-r in th<· rou\WtN i in f. 
fective against it b('C'alt. e the current flows around it instead of through it. Th~ m<-11 ur•• 
WM' form is shown in Fig. 4.l6(a) for tht• P\ gP-ncrator in1,ut. with the pcclrum 111 

Fig. 4.16(b), And is shown in Fig. ,t.li for the battery a., input. 

The common mode noi CM he filtert-d with a balun a.i . !town in l·'ig. 4.15(b). A balun i~ 
I\O inductor with two windings, both with the same number of turns. The balun pres nts a 
high inductance to th~ common mode current, but virtu,Jly none to the difTerr-ntial modt' 
current Nott- tbat both the dots on th~ balun an• on I h~ input idt' of the runverlt'r. Thi 
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Figure 4.16· (a) !\fo~. urcd inpu •. ommou mode noi ('of tht' PV gen rator, (b) Spe.:trum 
of input common lllOf ' ,. roi e 
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Figure .C.17: (e.) Mt'uured iuput common modr noi. with the hHlcry as input, (bJ 
Sp ctrum of input common mode noise 
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Figure 4.18: (a) M<'asut d input. commori rnod,• noise of PV gennator with balun filtn, 
(h) Spectrum of inµut common mode uoi.,1' with hal1111 

0.06 (n) C'omm. nobe from Bott. 
10-2 tr (b) Spec trum 

---.-, ..-, ?"Yii "m- i t 11 .; 
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u oM,,wi1,c;,""'.rw• 

- o.02L ~ ...i:.__._ 
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I: 
I C,- 3 
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Figure 4.i3: (a) ~lri',, ·1 1 input common mode 11oi:,<• of ba1tery with balun filter, (Ii) 
Sp<.'Clrum of inpul u 11 • ,,, l,\CJd(' noist• with hal111i 

111c•ai,~ lhnt the clifT .. r, t mcnt (i11dud111g 1?11• load n ,m•nt) flowti into the dot in the 
top winding and out u, .I , o t 011 th,. bottom wiudiug. Sinrt· the cure1,t• ar • rqual and 
oppositf' and tl: urns in both windin6s ar~ the sanw, tlw 11,..l fl11x i, ~ w ,·or c11i1st d hy 
tlw dilfo1enti11l currt•11l is z to, ev('n thcH.gh tht• loacl c111-rc·11l l' l\11 he very high. As" result 
" l1igh 1'crme.1bility 'tnF;app<'o core c·au be U!- d for the halun, a11d it ran l11w a relatively 
high <.'onunon 111odt• ind11rta11re \\ith only a It·\\' turn ... 'rlw much 111allcr common modt• 
nob1• curr<~nt flow:. J,rimarily tl,rough thf' bottom winding and through both winding. in 
the si\mc• dir<"ctio11 . 'I hus the balun 1t>prt''-t'Hls a liigh impc•danc<• to common mo<ll" noi l' 
curt('!lls. The rneas1m·d wnv<'form for th! i • hown iu Fig. 4.IS(a) PV gc.·nerntor, with 
th:• spectrum in Fig. Ll~(b). and is shown in Fig. 1.H} for ti,<> haltcry as iuput. 
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0.1,.r 500 50n coax 

( 'on\'t'ttcr 50H 0 cillc rnp,• 

f:O Ill lTIO II 

Figure 4. 20: 011t put Noi ,. ~t(•asurcnwnt 

4.5.3 Output Noi e 

Output ripple rnltag<· measur •mcnt are diflicult to 111ak1•, H'II undt>r tlic h t condition . 
Dep<'lldi11g on th lt•ch11iq11ts u cl, u---:-.11lt 111ny ,·ary wicl ly. 

A with input noi c c11m•11t, there rt• two 10111i,on nts of output \'Oita e ripple: cliff: r
rntial and Hllltnon mod,•. 011 Jll mode i 11 ually clo111i11atcd by current conducted 
through tr. y capadtanc to the upply line. It i of little inter t in mo t power d • 
ign , but it <IOC5 cl\11 r probl,•m wh,•11 mea urin output rippl . 'I h common mode 

component may ha\'c a ba11dwidth of "vc.ral 10 M JI::, an area wh re mot o cillo cop 
ha\C' poor common mod• rt•j ct ion . A a re ult, 1 ommon mode noi c may apµear 
difft•rential noL . Con quentl), wlit•n nwru urin out pu t difi: 11•ntial noi , it i h t to 
conn, ct · ' ut nd output common to tlw ca , and to u th• c ~ a inglt• point 
ground for .. II t t c<111ipm nt, in order to minimize common mod int<>rfN 11 ·e . 

'fhe output clifforrnlii\l uoi i th noi voltagt• that ppear between tht two oulpul 
l rminal . 'l h method u <l to mr. ur differ ·1 tial output rippl!! i hown in Fig. .20. 
To reduce the pir.kup of r diatc cl noi • thr. mr.a urerm 111 nm t h c:arrit•ci out at the 
0011,· !Ttr.r . The 50 0 CO<\, ial c bl·, lead I r~th (including the ground le d} 111u t be 
hort a,,. J) ible, in or<lcr to mlurr. the pi<-kup of racliatctl noi . A p rallt•I capacitance 

of 2i00 pF at the scope rcdur the handwidth lo apµroximately 2 Mlfz lo p•rmit 
viewing of the fundamental frequency c:ompo11e11t of th1• ripple. 1 hr. me ured wav form 

hown in Fig. 1.21. 

If the inlt'rnal out put filtering of the converter is not uffkit)nl to hring the noi'-t' levels 
within y tem r 1uirement , ad<lilonal LC lion may he add <l on lo the output. l.ike 
the input filter, th capacitor., hould ht• quality t,u,talum. wit}, low e<Juivalcnt eri 
r i lance ( ESR) and cqui\'alcnl scri inductance (ESL) ov •r the fre<1m•ncy hand being 
filtered. Such a filter h~ already l>e1.·11 d igned for thr. di tributed regulator of the 
communication~ tray. Jf the noi on the bu cau~ any prohlrm additionl\l filtn will 
b u. d. 
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Figure 4.21: (a.) l\leasur<·d output noise (b) Spertrum of output noi 

4.6 Mechanical Tests 

Temp<'ratme: and varuum tests have l'et•n done on anotll<'r con\'crtcr in [38]. The <' t t 
will he done on the compound convc:'rter as well. at a later stage. Vibration testing 
f!\ciliti<.'S are availahle in the laboratoti of llouwtec. These facilities Mil h u <•d for 
vibration tests. It is especially import.mt to "t'e if the magnetk romponcnts wiil survive 
th c tC'_ts. 

4.7 Summary 

In this chapter some of the main ciH'uit wa,·eforms w<•r<· given. 'l'he waveforms corrcspr.nd 
W<'ll with tho prediclt·d in prcviou chaph•rs. Hea,ons \''' re al o given for differeun . 

Som rf'sults of the maximum power point trackc•r \\er<' al o giwn. Fro:n thee re ulls it 
is almost certain that the MPPT will work for Sunsat. The results in this repo1 t were, 
however, done with commercial olar pirnels. 

The dficicncy is not as high a.,.., pr<'di t<'d, b~ au. c of the high power con umption of the 
control circuit. 

Stellenbosch University https://scholar.sun.ac.za



Chapter 5 

Conclusions and Recommendations 

1 he prototype y trm "a 1111alyzcd, d< ign<'cl and con tructNI. Scvc•tal le ts hawi bt •n 
do11c on it. which led to the following conclu ion~: 

• 1 he c-om·ertf'I i mall in ize aml ma . It therefore doc not occ:upy 11111ch pace 
aucl mas on the atellite. 

• Pe11k•c11ircnt rontrol gi\'c• it a good tra11 i<'nt re pon . 

• The powc•r cit ct ronic part of I he rnn\'f'rtcr h very low I . 'J IU'rc• i a 10~ 
iucre in ffidency O\' r cai;radrcf y.;l<'m . 1 h control, however, h high power 
lo . For futur • Y.ork 011 thi project. it i recommendt>d that th«- control circuit 
laould he huilt hy ele<"ting component more• c, rcfolly. The• prindpl , howe\"er. 

can tay th,• amc. 

• The t'fficicnc~ can he fu1th r impro\ed hy u in more p•channcl MO FET in 
parallel in I he ccondary ri011trol. h c1111 their on-r i lA11cc i 111cwh&t hi h r 
than that of then-channel fOSFET . 

• In the prototyp it WM difficult to minimize tlw influence oft he pari itic, vmpon nt 
on tlu- mea urcmcnt . In the future they hould I, pr<'vt•nted in th<' rircuit I& ·out. 

• 'l he rompound conv rt r i a ood id<'& for ate llitc powc•r y h'm • but II cl~ more 
refinement. It i rC'<"ommend <l t hAt the mAin n.•gulator of the engin<"Cring model 
hould be a hunt r<'~ulator. 

• 1 he h t tery hould be prol("ft d more C'ar fully. 

d i n rcvi w with c pert.. on spac c• powf'r sy tern from I: 'S wa. held. which 1 d to 
the following conclu ion : 

• 'l he J>0"t r witC'h throughout the dtcllitc mu t be dupliratc~d with a <liffcrc11t 
technology. t the mom nt only p•chAnnt•I MO 'Fl: l's arc II c•cl. Solid- t11tc n·ll\y 
can al o he inco1poraled, but it i. wry cxpc•n he. 
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• Th<' gat<'s of all thf' MOSFETs mu. t he protf'Ct<'d by mean~ of zener diodes. 

• Metal and ceramic components should be u1,ed im,te:\d of pla~tics, D<'tause damping 
is a very important constraint for an optiral payload. 

• Thf' charging of battcrit> before launching is important. 

• The powt'r must be disconnected from the syslt•rn during launching. 

• The way in which the power will he switdw<l on is important. 

• Diodes should not be used as voltage reft'r<'nc-e ·. because it is thermal unstable. 

Rec-omnwnclat ion:- for t hr. Sun ;11t PowN System: 

At this stage it is t'videnl that the best option for tht• Sun-,at Power Svstcm i~ a simpl , 
rt>liable topology which will protect the Br very can•fully. 

The battery management sy~tem on board the satellite should automatically protec
t the batteri<•s and cells against opt·n cirrnit failures, und 'n olt age, overvoltagc, ov 'l· 
temperature and over-pressure [l4J. 

The parameters 11sf'd to indicate tht' stale of drnrge of the battery arc cell voltage, tem
peratu1e ,rnd pn·ssure. Two of thc.,r. parameters are usually ust.•d to determine tht~ end 
of charge critrria; howcvl•r, all thr<'C pardmetc•r:- Ar<' interdependent. Th• battery mount
ing platform temperature varies with mi6sion pha...,<'s, seasonal changes and -0pcra.tional 
morlcs, and if cf'll failurc·s and dc•graclation l\ll' tak<>n into MC'mmt it is very difficult to 
s~t the end-of-rhargt• criteria prt•ch.dy, prior to launch. Programmable end of charge 
levels are prt•ft•m.•d. Battery m1cl-of-charg and O\crrhargc protection lt•\'cls must be• high 
enough to ensure that the battci-y ran be fully charg<'<l and low enough to pr vt•nt on-r
charging. The stability of the protection IC\cls ii; crilicaJ, and wh<'H? f. a:-iblc it should 0t' 
po sihle to inhibit them in rase of failure [I I] . 

It is sugp;<'. led that a shunt r<'gul, tion concept he us<'<l for battt>ry prolC'ctiou, l\s sh<>wu 
in Fig. G.li for the +X an<l -X pa11<•b, and Fig. G.18 for the +Y and -Y panels (App. 
G). Thf! n•ason why opposite prtueJ., are conn<'cl<•d i · that only one can i;upply power at 
a time, and th.at thNeforc the singli" MO~FETs will newr have to work twice as bard. 

lu thrs<.· diagram., ouly sho\\ th<' power cl<."ctronic: part of the regulation. Tht:> control 
is do1w via th<' CO Tl to C'ONT5 portr.. Note that tht> p,utcls, l,a.ltt•ry and load is 
directly connected, with no r<'gulation inbctwN>n. The rdiahility i:. further incr<'asc-d by 
<li ·conuccli11g the five 8trings from on<• anothe1. 

The charg -c-urrent is reduc, cl hy short-circuiting enough i,t rings of tht' P\' ge1wrator. If 
the bal tery is fully charged, only one string will ht• u. cd and lhc batter) will be trick!.._ 
charged. 

In ca..,;~ of a i-.horl circuit failun•, the battery is disconnected by the diodl'S. The diod(•s 
an• tht>refort' very important, and enough rcdundanQ i11 provi<l<'d to prt•\ent an) f ilurt
Thc telemetry sense resistor will be ma<le up with enough parall l paths for pO\n>r flow. 
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pp 
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(2'2] J 

(2 ) Po, r 10 F~:J 
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nd c II tru ti II of urr nt i I pu h f>UII dr/d 
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Appendix A 

Power System Functional Diagram 

Th•• fun tionAI cli gram or tfw Sun at J>oY.1 r S t m ( P ~) i howu in Fig. .I . 1 h 
d s!Jrd t.lu<'k r~prc nt dillrr nt tray . 'J ht! e11c•rgy i uppli I by the 1 PV p n I on th 
out idc pAn ·I , which form th PV G nc1ator. Thi i conn ct cl to h~ main rcgul tor 
unit ( IRU) or1 th P&.·O tray. The• MHU c:on i ts of hrn r 1I to , A nd 8, which 
upply l wo l S \ ' bu , + I H' . ,\ and + I \ ' _8, to the olbcr lllt•llit trny . Th 

r ul tor arc al conn led to the b tt ry unit (BU) for ~ncrgy l,ac ·up. On e ch tr ) 
th two po\\ r bu re r:onm~too \'ia <liod . Ftom hl'r th \oh i filt r d nd 

ulatcd to l h d ired \'Olt ige I \' I i r c la pplic- lion. 

!17 

' . . . 

Stellenbosch University https://scholar.sun.ac.za



PPF 'DIX J\. POWEil l ' 7 B 1 I· U 'C1 JO~ J\/, DIAGR 1 

,- ---------
I r----•f · f 
I 

,-

' -GJ I 

~ C:@ 

---- - --- - ---
I 

L ~;7@~, I l! 
I,. 
I 

t 

I -------· 
I 1,_ ___ __. 

I I 

I 

l: I 

:· 1lm i 
f :IIJ: 

'--t--~-+ 

t-.-___,J : ' 

I 

' I 
I -_. 

,- -------

------· 

,-
1 

. l : Fune ion Id ripLi n of Lh SP 

f] 

_______ , 

t
<r: 
Cf) 
2 
:::> 
Cf) 

9 

Stellenbosch University https://scholar.sun.ac.za



Appendix B 

PV Generator Specifications 

Scope 

'I hi p<'r.ifical ion giH d1anvterist ic and perfon11a11n· ,1'<1'1irc111 ut for ach of four 
idt-utical pam•I whirh, 1111lt•. otlwl\\i c pc~iticd, -.h 11111' nlt't urul •r all lah intc gr tiou 
and pare enviro1mw11tal \·ontlition until ten ycM aftf'r lauta h. 

Location and purpo 

Th solat pan,•1 arc• mount tl c ·tn111,lly on the+ · (front}, -X (ln1d:), + \' (ri lat) and 
-Y (I ft) p n I of th atdlite. 11wir purpo i to upply t•lcctrical cnrr to th th 
atellitc through the mllin 1cg11lat ion 1111it. E ch pan I cont in ton111c coil which i used 

l>y the ttitud1• control •sl<'m. 'l he• p ncl I pro,·ide therm Ii ol tion of th int rn I 
oft h" at llit1• frnm I he p c,• 1•11\'imnmc11t and provide' me radint ion hi lding. 

Functional de cription 

• The p1uwl 

• Tt mp1•rl'lt-ire i 

r tc po,,cr wh.-n illuminlllt ,l h · th, un. 

11 d for tdcm tr· purp 1 

• 'fbc torque coil gcru .. rl\tc a m n tk mo\c-111cnt when c•n,·r d. 

Ch racteri ti 

Deeign requir menta 

Th lu pirn I hall haH· the following m jor ch raclc1i&tk : 

l. High energy convcr ion ffi<'i OQ 

2. Pt'!:. 1, ility 

3. Slow dr• n11I lion in rd lion to r11di"lio11 
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/>l'I~ 'DIX ll. l'\f GI~ 'Ell 1 OU ~PBCIFJ ' 1'10 ' 

Ab orbtivity 

The ab urbtion Cllpacity in rel lion to thC" ol r p trum hall be 0. < o < 0. 

Emi ivity 

JOO 

Th emi ivity r lath to bl k body t lla me urfa t m1 r lur h II b 0. < 
t1 <0. 

'Jbrqu coil 

E ch 11 rwl hnll routaha torqu coil. It h II b 

• \\ound into ch nncl (0. 3 0. mtubr ofl I cm) t th I e of the I r rr · 
uh tr t pnn I • 

• cont in IOO turn of O W • (O. mm di m tcr) ih r pl t oopp r, KY • H 
ro,er d, i11 I tr nd \\ir 

1' mp r tur 11 in 

'lh c nt~ tern1w.r tur" of e ch 1mn I h II b 
left oorn r ncl lh<' UJ>J r middl of p II I nSf.'d. 1 he temper t ur of thf' UJ>f> r 

II br n ed. Four t mp r tur 
point , ii ble for UJ>J>li rd t • 

P rforn1au e 

Pow r output 

F h I r J> 11 I h II pro\·id,· t I . t O W or r, · k PO" "r t 
A IO ( ir m Zl'ro), :.! • • I.JOI. nd 2 W t t:Oi tr, .) t r ). ( ol r 1.-on t nt), 

1aximum pow r point olta_g 

I, 11 be uffi i nt 
l20l'(A\cr 

lar II in trin lo prm·id 
24 l ') under II condition . 

imum po\\ r point rnlt c 
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APPENDIX H. l'V GENEUATO/l SPECll'ICJ\'l'IOi\'S 101 

Efficiency 

The• olar cell!! hall hi\\'(' a rat, d 1•fhri1 ncy of at least I I'¼ 

Temperature sen or nccuracy 

lcmperalurt• en orcrro from -40°(' to +Gl • hall he le than :t°C. 

Electrical interfaces 

A I). uhminialurc• con11rcl01 o kf't \\ith 11> nmtac•t 
with ignal a follow:.: 

11 d at tlie hot 10111 of pan I X 

Pin 1/0 V foleranc • 
I 0 00 

2 0 23 20 ,Jt, powe1 output for ttill 
+XS'! 0 :!-I 20.:1 I pmH•r output for trin 'l .. 
+ ·::t 0 ~, 20-:Hi power output for triug :t 

'i +x I () 24 20-3, power output for tring 
(i +XS 0 21 20-:l, pow r <Jutput for lring fl 
7 G'I> I 0 Oil c, rth 

GND I 0 00 c, rlh 
9 l ,NI> I 0 0-0 c rth 
10 +x I 0 21 20-36 pm,cr output for 
11 xs2 0 24 20-3 ► power output for 
12 +.•s3 

, 
21 20 :Jo NA po,H r output for \, 

I :l +XS4 0 24 20-,Jt, ~A pcw.1roulp11t for 
I I +XS5 0 21 20-:16 l. A f)O\\t'I out put for 
15 GNI> I 0 00 NA earth 

AD- 11h111iniat11re ronn dor sockc•t with ,~. contact I ll d l th,• hot tom of panel -X 
with i II I folio\\ : 
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Al'l'BNDIX IJ, P\' GBNEIU'l OR SPECIFICA'f'JONS 
102 

Pin Si~nal IO V 'loleranc 
I G ·o I 0 0-0 
2 -XSJ 0 21 20-:16 power output for tring I 3 -XS'.l 0 24 20-ar, f>OW('r output for t ring 2 4 -XS:J 0 21 W-:JG power out put for lr;ng ;J 5 -XSi 0 :!4 20.:w pow r output for tring I 6 -XS5 0 21 20 :JG power output for tri11 5 7 GND I 0 0 0 <'arth s GND I 0 0-0 earth 
9 G 'D I 0 0-0 earth 
10 -XS! () 24 20-:JG po\\er output for l ring I I 1 -X 2 0 21 io.aG po,, 'r output for tring 2 12 -X. :J 0 21 20 :1 I pow r output fr..1 lting a 13 -XS1 0 21 20-:J I f>OW r output fo tri11 -X 5 0 24 20-36 power outp11t for tring 5 GND I 0 0-0 e11rth 

J\ I). 11b111iniftl11tt• co1111,~tor ofkct with 15 contact I used at the hotton, of 1> nd + Y with ig11lll follow : 

Pin I 0 V 'Joleran 
l I 0 00 
2 +Y l 0 24 20- powf'r output for 3 +Y 2 0 21 20 'i po\\ r output for 

+Y ·3 0 24 20- 6 flO\\ r output for r. +Y 4 0 24 20- po, :r output for 6 +\'~5 0 24 20- 6 po,\ r out put for 7 C:ND I 0 00 e rth 
GND I 0 00 e rth 

9 G'D I 0 00 e rth 
10 +\' l 0 24 20 1>0,~cr output for trin I ll +'t ~2 0 24 20- pow r output fo, trin 2 12 +\' 3 0 24 po\\ r output for tring 3 13 +Y 4 0 24 J)O\\c•r output fo1 lrin I y 5 0 21 pow,•r out I' ,t for trin 5 I G'D I 0 <'Arlh 

I). t hminiat ur • co1111 tor kt•l with 15 cont rt I ll !\l 1't th bottom of p nel -Y with r.ignal folloY. : 
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APPENDIX H. l'V GI:Nl~JU'/'0/l SPBCIFIGA'/'JONS 
103 

Pin Signal 1/ 0 \' Toleran(t' Hi 
1 (;No I 0 0-0 N,\ 
i -\'Sl 0 24 20 36 NA power output for t ring 1 
3 -YS2 0 2·1 20-:)6 NA power output for tring 2 
4 • YS:J 0 21 20-36 NA J>OWl'r output for tring 3 5 -YS4 0 11 20 :rn powc•r output for tring I 
6 -\'S5 0 21 20.:JG power output for t riu 5 .. GND I 0 0-0 earth I 

GND I 0 0,0 t>arth 
!) GND I 0 0,0 earth 
10 .y I 0 21 io.:u, pow r out put for tring 1 
11 -YS2 0 24 20-36 power output for tring 2 
12 -YS:J 0 21 20-:u, powt•r output for lriug ;) 
1 :J -YS I 0 21 20.;rn power output for tring 4 
14 -YS5 0 21 w.:w pO\\c•r output for trin 5 In GNO 1 0 0,0 NA earth 

A (). uhmiuiatur ronnc•ctor c.kc•t with 15 contact i II t th top of th +X p n I for th orqu,. coil input nd t m1> raturc output on th,· ADC tray A follow : 

1/0 V 'folf'rancc Hi I) cription 
I 14 10-16 :I UIS torque coil inJ•ut A 
I 10-1 :Jm torque coil i11put B 
I .5 1 ,, cc11tr • t mp ratur" nsor 7" I 5.5 I I'~ corner temperature nor ' !I 10 I 5.5 I ,,., cd temp •r lure nor 11 (, 'I) I 0 0-0 '" •· rth 

A D- ubmiuiatur • <'OIIO" tor > k t Y.ith Hi 00111 ct i u cd t the top of the -X pau 
for the• torque mil input and t••mp raturc output on th AD "' tray follow : 

Pin J/0 V 'lolcrance Hi D niption 
1- I II 10,16 torque coil input A 

12-1 ~ I l 41 10,16 ,J m torqut• coil input B 
5,6 -XT ' I 5 5.,., 1 ,, rnutr • t •mp r t urc nor 11 G 'D I 0 0-0 N,\ earth 

I). ubrniniatur rnnn,·ctor odct with 15 conta<'.l i u ~I at the top of th,• + \' p ncl 
for th torque coil input and tc mpt-rat ure 0111 put on th,- ,\ DC S tray a follow : 

Stellenbosch University https://scholar.sun.ac.za



J\PPE 'DIX B. PV (:ENEUA'fOR SPECIFICATIO.\'!) 104 

Pin Signal l/0 V Tolerance lfoe time Description 
1- t +YTCA I I 1 10-16 3 ms tor<plC' roil input A 

12-15 +YTCB 1 l•l 10-16 3 m.~ torque coil input 8 
5,6 +YTC I 5 5-5 I Jt 1 centre tempP.rature .en or 
7 +YTGA I 5 5-5 1 P" y,ra<lient temperature sen or A 

+YTGB I 5 5-5 l W• gradient temperature sen or A 
9 +YlGC I 5 5-5 } Jl ,'1 gradient h mpcrat ure sen~or ' 

10 +\ fGD I 5 5-5 1 ,,.~ gradient temperature en. or 1) 

11 GND I 0 0-0 NA earth 

A D-. ubmiuialure Mnnector <.ocket with 1.5 rontac·t i us d at the top of tlu \ panel 
for the torque l'oil nput. and tc•mperaturc output. on the ,\I) S tray as follow~. 

Pin Signal 1/0 V Tolerance Hi. c time Dei.,cription 
1-4 -YTCA 1 II 10-16 ·3 m. torc111e coil input A 

12-15 Yr B I 11 l 0-1 f, :l ms torque coil input B 
5,6 -YTC I .5 /;-,1 I JI. n•nt rt• tem1><'rat ure en<.or 
11 GND I 0 0-0 NA earth 

Mechanical parameters and interfaces 

'I he _tructun• of the olar paru•l j., .-.hcmn in Fig. JU. 

Figure B .1: Structu1e of Sunsnl soll\r panel Drawn by SEO 

Mass 
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J\Pl'ENDJS B. JJ\I (,DNERATOH SPECff'l(;A'noss 105 

GLASS CO\'ER SOLAR CELL 

_j_ 1.3 Ji 0.5 SUBSRATE o:sJ· 
13.7 ALUMINUM FRAME 

1 1.2t 15.4 

8.8 

Figure 8.2: Sid<' \'it·w of 1111• sola1 panel Drawn by SEO 

ltt•m Mass 
Sobu cells 0.22!> kg 
SubMratc.', nw<'hnnic.,il 0.625 kg 
Elcd ric-al compon<>nh 0.150 kg 
Total sol;n panf') 1.000 kg 

Diruensions 

'I he rf inwnsio11 of each sulAr p;incl i a follow : 

• height = IOO llllll 

• width = 120 mm 

• thirknt :,. -= 15 mm 

ru ~hO\nt in Fi~. IJ.:t 

'l'h la) out of orw solnr piuwl i hown iu Fig. B. I. l he panel <'On. b,t~ of 160 <'t'II~ in 5 
Ntring of :1G t•rial au~ t'llch. 'I ht• ~.-rial rounr('tion of r••lls au· 1u; folluwi.: 

String 
<ii ring I 

Iring'!. 
Strin ~l 
String 1 
String 5 

('f')b 

AI.'81t,; 
Cl -D18 
El8-Fl~ 
t:l ~-HIS 
ll~-JI" 
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1\Pl'Ei OIX 8. I' \ ' GBNBllA1'0U ,l'ECW/ 'I'ION 100 

i► ·-
1 

' 

370.0 

350.0 400.0 JS.O 

I< 4200 ~ 

I, ·-

Fi ur 13.3: Di men i n of th<' I r p ucl Drawn by SEO 

Hr on nt qu ncy 

1'h low l r n nl fr qu ncy of the p n 1 when tl heel tu the tcJlit h II b l lO II.:. 

R liability 

• Th unit h II u p rl fr m the un t ppro\ d P rt l.i t only, or i r ~ hi h 
ppro\ I h l, n i\' n by th Q offi r. 

• P rt I tion hall includ con id r tion of th , uum, r di tion, nnd l mp r • 
tur c · lin c 11\'ironm nt the unit •ill be ubj led to. 

• Wo ul tion , includin llo\\lUlCt• for ompon nt tol r n e nd 
drift, . 

• A d fined, in ordrr to ,crify that ,to dct l Liem !function 
in th unit. 

• D \' lopm 11t 1 

guid lin . 
mbly, nd t tin of th unit h 11 mply with th 
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• Them ma · not he ny in I<· point r ilun• 11 d( . 

10 

_r200 

£ 11 S 

r 

• E ch I r p n I hall includt ,> JI I llf•I trin or ol r c II for n.•dund u . 

M int inability 

Th tl i nor the uuit 

107 

Stellenbosch University https://scholar.sun.ac.za



l\l'J>DNl>IX IJ. l'V GENEU TOR Sl'EC/ffr't\'l 10\' 10 

Environn1ental pecification 

Temperature 

' l lie pan, I luill upcrat~ lo pedfi ation for r, )e rs and not fail tfu1• lo l< mp ratur • 
cy lin from -40° lo +55° c~t>ry 100 minut, i r p •doc.I of 10 ye rs. 

Vibration 

Th,•unit h lip llu",·ihr tiont, t I dfif!di11 t liona.13ofth .. ~un t pedhcation 
(41 ) . 

. V. t bility 

ulli11 from t .V. illumi11 tiou than' 0 

h do /hot- pot prot ction 

'I m1>or ry h d win will not c u p ·•m neut cdl dam , •. 

Tran portability nd tora 

R h II l prO\ id, d for prot ti n durin int,• r t ion. F h 
pan I h II hf! up ,Ii cl in h ,tk•r i tanl ho bl to prot l tlu~ J> ncJ duriu drop 
from ny oricnlnt ion onto t:onr; r•t • from " height of 2 "'· 

De ign and construct ion . t ndard· 

De ign and 0011 lrurtion hall h ccotdin • lo n plccl ,>0d pr c:ti, • :,,; I r er.II \\ddiu 
con11ectio11 h II lw clon by II in <111 lill routrol p1oc1 • Sufli, icnt t, t point h II 
l, pro\'idt•d lo JI bl~ corr ~ct OfH'raliou of l\ll the ol a· cell . 

Material , proce , part , .. ur fac , ftni he 

II matcri I lect d hall he ~uit hi,• for p ce u ·. E, p11r tiun uuclt r \'acuum ooncii-
tions nd conclt•11 Mion on optirAI urf u· i or m11jo1 u)11cern. 
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El tromagn ti con1patibility 

Th · unit mu l opcrlll in conjuuctiou with tr n miltN iilld rec •her operati11 t th •r
mal noi ,. limit . ( 'un id1 r 1 ion 11111 t b gh II to t lie po ihl 111 !<.l for HP hyp ing in 
th p 11f"l aud HI' chok, in th" conn ti(l11 1,-, d . 

a1ne pl t and 1uarking 

It ch J> n I h II b m rk,!el Sun l\l p tll'I +X,-X.+Y,-Y 11<1 thu id, ntifi d in II 
m ur m 111 and tc t • 

Ace ptanc t t 

A full cl of H cpt n c tc t h II L (fr.fin I nil c otcd. I h c cpl n rikri 
h II b le t ~1 in urh m 1111cr tltat p ,wl t> in th l t will m t p rform n 

n fllJlrcntrnl l temper turr 1111 life c trem • 

I. Thc•rm I cydin 

2. I Ii •rm optical prop< rti , 111d11rli11g I \ • curw i ,r d1 p n I 

'i. tJ. V. Stllbility 

h 1d w/hol- p t p1ot lion 

>. Ii i h temp ratuu p riora:1 uce hility 

6. El tron/Proton irrncliatiou h: t 

Qu lifi ation 

c1u11!ihca1i n l• I prv r mnw hall be d1•fi11cd, whi h o\' •r• tr th• <pa lift,· Lion 
11 od I to uflidc•11l f' I I m in orclt•r to,-. plor p, lc•nti ) cl ig11 \\ • knc , ncl ur•· 
th l ,uJ. <1ualc• J i n m r •i11 • i t. If uen , n\ th• le• • Ii II monitor intern I l t 
poinL • 
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Appendix C 

Main Regulator Unit Specifications 

Scop 

Thi p ific tion giw rh11r ( lc•ri tk ,11.11cl p rfor111,111cc rt'(1uir 111 11l of th(• main 1c ulator 
twit (MRU) which, uni otl1 rwi p dhr.d. h II be 111el und •r all I I, intcgrntion ml 
p , e 1•11\·ironmtntal c ndition until t1•n y • aftr.r I u11d1. 

Lo atiou nd purpo 

h IR tcd I 
ct\\ 11 the r ct ion whcd nd the opli on l h power nd 

opti tr y of tl11 at,ellit , ho\\11 in Fi . I. 

Figur • 1 rl\ , Drawn by ED 

rh purp 

110 
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J\PPEi\'DIX C. ,\IAIN REGUI.J\'fOll UNf'I' Sl'BCIFIC:\TIONS ll l 

• To rccci,c• t }w c•nt•rgy from t Ii" PV gc•nc•rl\l or 

• To npply pow<'r to all llw uh y h•m in ti,. form of a +11 \1 lms 

• 'lo ton· ex<'< <'nergy in hatt,•ry 1111it 

• To rt'himc e11cr•"\' from ht1tlery tl11ring c•dip e 

Functional de cription 

The Mlll h II rHl'iw unn•g11latcd r1ll'1gy from the !ctr pc1111•l • Th<' ~m hall con i l 
of: 

• A nu,xirnum powc1 point I I arkc•t ( t l'PT) lo kc cp l he PV \'ult <' at l h • m xi mum 
power point . 

• hatlNy rcgul11tor to protec: l lht• baltt>ry frum ou•rd1 r 111 • 

• A 1>11 ,.;oltagc• rt•gulaLor, lo •Jpply tlac h t of th uh y lt1 111 with re ulatcd 
,·ohnge. 

The• JRU !tall re<: i\'c it in lruclion from the• lt•lc•t--omrn11ml. Hou eke pin 
b" upplicd lo th,• t, .. lt·m try uh y I m. 

Charact.eri. tic 

11aJ hall 

1 lie 1J>PT b U ry chnrgc r ulator hall k1 p the out put volt • of tlu• ol r panel 
the maximum powe!r point ,·olla e. 

Perforinance 

Power Output Sp cification 

The po...,t•r trl\y .,hall b • hl1• lo .upply urviv I power of.:.> W ro11ti11i<111 I '. It 111,II 
providt• a ma ·imum pow~r of 140 II' ,,ml an a\c'rn r power of 2i 111 • 

Ele trica.l interfaces 

A D•subminiaturt• co1rnc<·tor plug with 15 tontar.t .. i u t.·d for the p1rnd 4.X input with 
PlignAls AS follow : 
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l'PBNDIX C. 1 I ' UEC:lll,A'I Oil .,,. 
PBCWJCA'I'IO:V 112 

Pin Si lll\l 10 V lulcranc~ 
I GND () 0 0-0 
2 +XSI I 21 f>o""r input for tring l 3 I 24 J>O\\Cr input for trill 2 I 21 p0\\1•r input for triu :J I 24 po\\cr inJ>ut for trin 4 6 I 24 20-3 J>O\u•r input for trin 5 7 0 0 0-0 ,•arth 

(} 0 0-0 c rth 
!} () () 00 e rth 

I 21 20 power input for lrin I I 21 20- I pow J input for trin 2 I 21 20- po\lo1•r input for tring a 
I 24 20- pow r input for l till 
I 21 pou r in1mt for triu 
0 0 IU'th 

I). ubmini tun• connc tor plu with u ixl for t lw p nd • • input with folio\\ 

10 \ 
0 0 

2 I d !)O\\cr input for :1 I 21 pO\\cr input for 11 I 24 po\H•r in1>ut for trin I 21 poucr input for trin G I 2 f>O" r input for tring 5 7 0 0 rth 
0 0 
0 0 rth 

lO I 21 poucr input for 11 I 21 f>O\ r uput for 
12 I 24 po\\cr iuput for 1a I 2t power input for 
I I 24 pm, r input for 
15 0 0 ,. rth 

A I). ubmini lure conn tor plu "ii h I cont cl 
folio,~ : 11 d for th p nt·I +\ i11put with 
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APPENDIX ' MAJ!\' HEC;tJL \'fOR l/J\'/'f SPECJJ•'JCA.'I'IONS l 13 

Pin Signal 1/0 V Tolerar1cc Risi• time ·-Dcr.cript ion 
l GND 0 0 0-0 NA <'art h 
2 +YSI I 21 20 :}(i NA pow<>r inpnt for string l 
3 +YS2 I 21 20-36 NA power input for r.tring '1 
1 tYSJ I 21 20-:J(l NA pmH•1· input for string :1 
5 +Y';t I 21 20-:Jfi NA pow<'r input for string ·1 
6 +Y!,5 I 24 20-:36 NA pow<•r input for o;tring ,5 
7 GND 0 0 0-0 NA t'arth 
8 Gl\D 0 0 0-0 NA earth 
9 GND 0 0 0-0 NA earth 
10 +YSl I :.M 2Q.:J6 'A power input for string I 
11 +YS2 I '.H 20-:w NA powt•r input for string 2 
)2 +YS3 1 21 20-:lG NA pO\H'r input for string 3 
13 +YSI I '11 20-36 NA power input for st dr.g •t 
M +YS5 ( 21 20-36 ~A powPr input for l'ltriug ,5 
t.5 G~D 0 0 0-0 NA <"arth 

.\ D-subrniniature conner.tor plug with lfi rontacts is U'-<'ci for lite p,rncl -\ input with 
ignnls as follow'I : 

Pin Sig11al 1/0 V Tolcrnnre Rb~ time DPscription 
I GND O O 0-0 NA Par-th 
2 -YS l I :! I 20,36 NA powN input for st iing l 
.1 -YS2 1 21 10-:Jt, NA pO\\'N i11p11t fur string 2 
4 -\'S:l 1 2-t 20,:lh NA power input for string :l 
5 'l St 1 :.U 20.:w NA po\,e1 input for string l 
6 yse; f 21 20.:ili NA J>OW<'I input for :.tring 5 
7 (;ND U O O·ll NA earth 

I 8 (:\f) 0 0 0,0 'A <', rth 

I !• G l\ D O O 0-0 ~ A earl h 
l ,l .ys t I 21 '.W·°Hl • A po\\CI input for string l 
i: -\'S2 I 21 20 ,iii NA power input for :.Iring 2 
12 I Y~·i I 2t 20-:16 NA powt'r input for ~lring :J 

I 1:3 I \Cj.: I 21 20-:JG '.'JA powt•r input for string t 
; J.1 j -Y:-i.5 J :.!i 20-36 rA powerinpulforstringfl 
L t.1-15_: :'-i_D__.__o_ ....... _o __ o_.o __ __.__N_._, __ ......._<_•a_1 _t 1_1 ______ __, 

A D-subminiat un• conn<>clor plug with 9 contacts i u«ed for t !tt~ battery with i.ignals as 
followi.: 
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APPENDIX ', A!J\IN Ul,C:t!LATO/l UNIT SPECIFICATIONS 111 

Pin Signa] 1/0 V Tolerance m~e time D criptio11 
1 GND 0 0 0-0 NA earth 
2 VB.\TT 1/0 12 10-16 K.\ battny voltage 
3 VBATT 1/0 12 10-16 NA battery rnltap;<' 
1 T.JJATT 0 5 0-:'> l ,,.~ bat t <•ry tt•mpcrat 11n· 

.c; C: D 0 0 0-0 NA earth 
6 Gf\D 0 0 0,0 NA <'art h 
i VBAfT 1/0 12 10-Hi NA battery voltage 

VBArT 1/0 l~ 10- IG N.\ battery voltage 
9 Gl'iD 0 o Io o NA earth 

A D- uhminiaturc connector plu0 with 15 contac!s i~ us<'d [ur the ring bui- with !!igul\ls 
as follows: 

Pin Signal J/0 V Toler a nu• Hhe time Dc~criJ)lion 
I +It\'.\ 0 11 1:1.s- 1 1.2 +11 A output 
2 + 11\ _\ 0 14 13. - 11.2 ➔ 11 A output 
3 G~D 0 0 0,0 earth 
,t +11\ _B 0 1 I 13. -14.2 +l•I B output 
.; +11\ n 0 14 13. -14.2 NA + l t U output 
6 G;'-iO 0 0 0-0 NA earth 
i GND 0 0 o.o NA earth 

G,D 0 0 0-0 NA eaith 
9 t-1.J\ \ 0 l I l:J." I l.2 NA +1·1 A output 
10 -tll\_.\ 0 l •l 1:J. 11.~ NA +u i\ output 
11 GND 0 0 0-0 NA earth 
12 +11\'.B 0 1 I 13. ' 14.1 NA +14 U output 
1:J + I JV .B 0 It l:J." - 1-1.2 NA +I I B output 
1 l GND () 0 ().() NA t•art h 
J.'i G 'D 0 0 00 ~A «·.irth 

A D-suhminiature conru C'lor plug with !J rnntacb is u cd for t ht• telt•command with 
signals as follm\s: 

Pin Signal 1/0'v" 'J'oleranre Hise tinw D criptio11 --
I REGSD. A I 5 0-5 I JU regulAtor ,\ ~l111t-<ll1\\'0 

2 REGSD..B I ll 0-.5 I I' rt>gulator B ,hut -down 
3 SP _BATT! I 5 0-5 I JIS P\' cu. l bait. ronn<•«·t 
4 SP..BATT2 1 5 00 l µs P\' gc-n. 2 batt. conn d 
5 GND 0 0 0-0 NA earth 
6 BATT_+l-lAl I 5 Q.5 I JA hnttc1y +lH'A rn1111,•ct 
7 BA'l 'f _+ l lA2 I 5 0-5 1 ,,.~ battery + l lV\ comwct 

BATT -+ l 181 l 5 o-n I I'" hattt•ry +1 IYB connc.•cl 
9 BATT_+ 1-1B2 I 5 Q.,c:, l 11 battery HH'B conm•ct 

,: . -. , . 

• • 
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J\l'PENDIX (' .• \/Ali\' llEGUI..\JDU UNIT SP/~ClF/(',\TIOAS 1 l .5 

A D-subminiat urP connN·tor .,ockt•t with 2.; co11t nr.ts i, m,<'<l for th<' lt•l<'nwt 1y with signals 
as follow : 

Pin Signi\l 1/0 \' Tol<'ranrr. Rise time 
J 1..SP_+X 0 5 0-1> I /U 
2 V.SP.+X 0 5 0-5 I 1,s 
3 LSP _-X 0 ., 0-5 I I'" •t V-~P.-X 0 5 0-5 l JI·' r, L5P +Y 0 ,) ().r, I /I.~ 
6 V..SP +Y () 5 0-5 I I'·' i L5P .· ) 0 !') 0-!i I I'·' 
8 V~5P_- Y 0 5 0-.5 I /U 
9 \ '_BAil 0 tl I 0-5 I I' .. 
10 I.BATT 0 .'> o.r, 

I I'·' 11 T.llATT 0 ,1 0-5 I JI' 
12 V.+ l I\'. :\ () .5 0-5 l I'·' I :J L+ll\'...A 0 r, 05 I Jt:, 
J I \'.ti IVJ3 0 .) 0·5 l /'· I,'> L+! IV_H 0 .5 0-5 I I'' 16 'LHEC:_A 0 5 0-5 1 ,,.~ 
li T. RE(Lll 0 5 0 -5 I I'·" I +5\' _TEL 0 ti 0-[> 1 ,, .~ 
19 +5V _1'EL () 5 05 I Jl~ 

20-:!5 GND 0 0 0,0 .:\A 

Mechanical paran1eters and interfaces 

Mass 

ll<'m ~la.s:,; 
ConverlNs 1.00 kg 
~lechani<'al 1,60 kg 
Total MRl' :!,60 k.,. 

Volume! restriction 

Th,• dimensions of the MHU <'Drlosme arc shown in Fig. 0.2 

Reliability 

D<'scription 
paud +X < urreiit---
pand +X voltage 
pan<'I -X current 
panel -X volli1ge 
panel + \' --urn•nt 
pand + Y voltage 
pan<'I • Y current 
panel -Y volt ag,, 
hitl tcry voltage 
battery c:urr<!ut 
hattery temperature 
regulator A voltag(' 
rf'gulator A rutrt>nt 
n•gulator B \'Oltagc 
regulator B r.ttrrt•nl 
n•gulator ,\ temp 
u·gulator fl temp 
.5V refow11cc 
'> V rt•ft•11•11c<• 

earth 

• Tlar. unit shall only us(' parts from t lw Sunsat Appro\·t•d Parts List. or for whid1 
11ppro,·al has bf'en gi\'t•n by the QA officw. 
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Al'l'ENDIX C. .\IAIS llEGUl.\TOR U 1/'1' SPLX'lf'JC.\ 'J'JONS 116 

1:19. l t---

170.577 

l 13.38 

l() (J 
• I) 

._ ___________ , t0.A6-------------' 

Figure C.2: Powt•r a11d optic· tray Drawn by SfD 

• Part 1-1•l1•ctio11 hall i11d11dc con i<l r, tion c>f tlw \, c:11um, radiatio11. ,11111 lt'mp •r, • 
tun cycling <'11\'iro111ncnl the unit will lw ,uhj<'ClC'd LO. 

• \\'or t case J • ign calrulat io11 , ind11di11g allowan1·1• for compo11c11t tolt>ra11c• n<l 
clrift, shall he p1c~1•11ted. 

• (( cptirnet• tc· ts shall ht• d1•fi1wcl to \'('rify l hat 110 dC't t•t·tahlc• 111alfunrt ion art• 
pre ent i11 t Ii<> unit. 

• o~v('lopmcnt , a cmhly, and le ting of tilt' unit shall comply with tlw gt>n,,., , I Q,\ 
guici<'lin<>s. 

• '1 her<' may ht· 110 inglt point failure• nod,• . 

• The bu shall l,p o,cr 1't1rH'lll p101t•rlt'd. Shott circuit protection is pro\'i<l1·d i11 till' 
distributed rt>gulator::. of t lw various ,uh,yslt•m,. 

• The control unit shall be able to initi;itc• and maintain MHU opt>ration und,•r the 
following conditions: 

I. Highly discl1argcd l,attc )' with solat i11sol, tio11. 

~- Lo, uf llll (wirt•) links with I u11d1c1 . 

3. Los of, II (rf) link~ wi th ground co .>I. 

Stellenbosch University https://scholar.sun.ac.za



J\l'J>l~Nl>IX C •. \/Ali\' Ul~C:l I, \TOH l N I/' Sl'ECJFICAT/0," ~ lli 

I Los of romm1111ir:,tio11 with 011boi11d r.0111put1•1. 

Maintainability 

'l lw d, ig11 of till' unit sh, 11111 kt> allu\\anc<• for t•vt1•11 iw i11tc>Trntion 11• Is. 

'I h • unit hnll '"' d1•sign,·d in ucl1 a way,, to I'll urc that no d11111n 1• ,,ill ht-. ,·ausl'<l l,y 
, ho1t-,·irc uit 011 th,· power h11 . 

Euvi• 'llllll ntal peciflcatious 

Tt•mper: t ure 

Vil,ration 

l'lw unit h II p, s th<' , ihmt ion t1• t prcifted in C<'lion :l.13 of the tcrlmi<-al 1,f'dft
c tion in {41] 

1 an po1·tability and ~torag 

All hm 111 h1,ll Ll' prO\ id,·cl fo1 tor, ,-. tlurin • intt• r<1tio11. I hr unit will 11ot he 
tr, nsport d l'J)l\rntcly. 

D sign c1nd con~truction tandards 

J) n 11<1 ron trur.t ion lu,11 • e cco1 di11 to I r.cplt·d good pract ic < 

, um icnl int "fll It l pui1 .s ll he pwv1d"d. tu •'111\l1l1• U)ll1X:I Ojll'llltio11 of i111p<1rta11t 
ub ,. t ion o. t tw 1111 it to he n1011itorcd. 

Materials, pro c , ... , part .. urfacc finish 

Co11fom1 I 11rf 1e c11 tin on I'( B' nr,· 11•1111irN. 

"urf rn ttni lit•s th t II d to be ,o, r ti wi h multi-I ~r•r insul<1tio11 liall lie uil J.I,, for 
it .. h IOU. 
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Al'l'IO:NDIS (' .• \UJN REUllI,.\'J'OU UNIT S/IEC'IFIC.A'J'f(JXS 11" 

'I ht> 1 hn is shall lw 111arhi1wd fro111 al11111ir111111 bOh 1-'J (i alloy a11d ,di 111,11-11,al i11 urfac 
hall he r,ai111 d hlack. 

Electron1agn tic con1patibility 

Tht• unit must opt•rate i,, ro11ju11dio11 with tra11 mitt,,, ,111«1 n•r.ehl'r op,•r tin• at llu•r 
mnl 11oi c limit , and 111u I rc1111ply with I hf' followiug n•q11ir1•111('11ls; 

Emitted interference 111,• fi,·ld raclinte<I from tlw 1111i1 hall not <"llllw n i rial uf 111ur1• 
than - - I 10 d/Jm, s nu•,1s11r"d i11111,y I M II: I,, 11dwiclth l,y a dipol,• a11tc1111 At , half 
,,·a\f•J.,ngth fro111 tlw unit . 

onducted intPrference 'I h(' unit hall 1101 inj ct a c.1111P11t of 11101t• tl1a11 I 1111I H~tS 
AC (111 lo any 11pply li111• al ,1 f1t•q11l't1(y ahow • .. ,, ~·//:. 

Su ceptibility ' I lw 1111i1 hnll nw('( all J)('t forurn,u ,. n ,,uirt•mcnt whili· uhjf'ctcd to 

I. ;\ HF fil'ld tr,•11 th of 10 W ,1! O.'i III Ill any f11•q11enQ' from :,?;1 . \///: to '.!.5 GIi:. 

'.l. O.fi \ H~I 111 a11y f,..,q11c11,·,• from 25 .\/ II:: to 2.!'1 U//: 11ppl1,•d hl'twecu Nirth and 
a11y elcclri<'al lirw. 

Ace p tancc t . t 

A foll ct of Accept ,m-. lt• 1 hall he d,·fiucd and ,·xet ute,I. I hc acr,•ptancc crit,•ri, }utll 
lu• dcctecl i11 uch II way tlant a unit pru in th,, I<' I will lllt'<'l pcrfornu111 ,-. rcqui1,·me11t 
at I mpcrat 11re a11d Ii(,-. 1•x1 rc•rm 

Qualiflct\tion 

A 1111alilic-atio11 11• t pr11 •ia1111111• hall I,,-. ilcfi11rd, wlti, h 11\t'I'• l11•s 1•s the qu li(ii-atiu11 
model to a 11lli<'ie11t ,. tn•111c i11 ord1•1 to 1•xplon• pot,•11ti11l cl,•si •11 \\P1tk111 " , and. un• 
th11

1 

ad, •111alc- cl •sign mar •ins e ·j I. If Ill' essary, th,· lc•sls hl\ll monit,,r i11lt>111 I t,-st 
point . 

' . . .. 
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Appendix D 

Battery Unit Specifications 

Scope 

Thi spt>cifi<ati1111 gin•s rharact1•1istic and p1•dor1,uu1u· n q11irt•111c•111 of tlw l,at11•ry unit 
(BU) which. litrl<•s othcrwi c ,p1•cilwcl. hall he 1111'1 u11dP1 all lah i11tc ration a111J pa • 
e11,·irn11111c11l11l condition until 11•11 )PU after launch. 

Locatio n and purpo. e 

l he Bl hall li1• locat~d 011 thP pO\wr irnd uptic tray f llae nt,•llit,, A h ,vn in Fig. 
IU. 

Figu r D .1: l'mwr ancl np ic tray Dr1wn by St:D 

'I lu• p11rpo t> of tlu• Bil an• tlw folhmin : 

~ . . 
. . ' . 
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Al'PEz\'[)JX n. HATTE/l\' PN/'f Sl'IX.'lf/C. \'l'/0.\'~ 120 

• !:i11pply energy lo "att•llitc i11 thf! c, lip'-'' 

Functional description 

'I h1• HU hrtll rc<ciw rt'guli\tc•d c•w•rgy frnm the 111i\i11 H·guhitor 1111it (.\IHl'). !'hi-. -.hall 
I><' torcd in iln array of hattl'r)' n•ll fut ll\te1 11 t• in th,• atdlitc> t·l'lip 1• ur wh,•11 po,,cr 
demand is hi her th, 11 the power a\'ailahlc• frn111 th,• P\' parwl . 

Characteri tics 

Power Storage Spe<'ifknt ion 

The hAttc-ry shnll n>11 i t of 11 Ni Cd p, r,• ,pudilie<I pri 1111,tic < ,•II , ,·a, Ii ratt•cl at Ah. 
'1 h,• maximum bat lt'r.) \'olta ,-. h, II he I "1 \ 111 full d111r , •• 'I Ii,• 111i11i111111n lia1te1 · ,olta c 
hall he> 10 \ ' wh,•11 it i 2Wc di charg,·<1. 

Pcrforn1ancc 

Pow r Output Spccificfttion 

'l'hc powc•r tray hall l,c al,f,. lo upply ur\'h·al pmH--r of 5 H rn11ti11uou ly. It hall 
pro\'ide i\ nu1xi111u111 powc•r ,,r 110 H' a11d II ;ncr e po,,,·r of :!5 II'. 

Electrical interfaces 

n -submi:iiat 1111• l"On111•r.tor , ork,·t with ~) < Olli act 
follow : 

11 ,-.d fur t lw tHIJ with ignal 

Signal Pin 1/0 V 'I o)c,, nr1n• Hi ,. time D, niption 
I t;NJ> 0 0 00 N,\ "arth 
2 VBA'II' 1/0 I~ W-lt, NA I," t t «'Q' volt agt• 
:J \'BA'I T I/0 1~ IO 1 1 NA hat lt·ry \'olt ag,· 
,t 'l .Bi\'J I 0 5 o.· I ,,.., liat tc>ry lt :itpt•rat 1111• 
,'i G'.';O 0 0 00 NA c•,ut h 
ti (;\J) 0 () 00 N,\ ra1 th 
i \ B.\ l''l' 1/0 ,~ I 0-1 (i NA 1, .. tte, y , olt a ,. 

\'BA l"I' 1/0 12 lO Hi NA batt r.r · , olt a e 
!} c:Nn 0 0 00 NA I! trl h 
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AJ>PDNDIX V. H,,7TE/l)' CJVJ'l' SPl-:CirICJ\J IONS 

Mechanical parameter and interfac 

Mass 

Volume r trictiou 

ltf'rn 
, Battc>r) n'lls 
L~techanical 
L':'r tal Bl 

The vol1111u~ 11· takti<'II of the BU i l'O\l ll i11 

4.00 A·g 
IJ.~o kg 
1.50 kg 

l-'igure D .2: Batt,,,,.\ clinwu ion. Dm .. n by 5(0 

111 

. - . . . ' . . . 
. .. . • : . 1 ., . ' . 
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t\PPE\DIX n. H.1.TTrmy u.v,r Sl'ECWfCAJ'fOi\'S I
,,,, .. _ 

Reliability 

• The unit hall only 11-e parts from tlw S1111-.flt Appro\.'e<l Parts Li"t, or for which 
Appro\'al has lw,·11 gi\'<'n by I lw QA ofhu·r. 

• Pails s,·krtion !!hall indud1• cousidcraliou of th· varnu111, radiation, a11d temp«•ra
turc ryding 1•1wironnwnl I hr unit will lw l'llbjt•rtt•cl to. 

• \Vor~t eosp .!1•sign c<1k11l;ition, , i11dudi11g allo\\aun· for rom1>e111c111 tol••rnnre and 
drift , hall be prt•s• utt•,I. 

• Acn•ptann• l,•:-ls . lrnll lil• tlt>li1H'cl. lo H•rify that 1w dt•lc>dahlt> malfllncti<llls are 
pr,•s •nl in the unit. 

• f;cn•lnpnwnt, a s1•111hly, nrul t,•,.ting of ll1t• 1111il shall rnrnply ,,itlt tlw g,•11f'ral QA 
guirlcli1t<'s. 

• 'I ht•n• ,,hall be no ,ingl" point f.tih11t· nodes, 

• The mav;mum cl<'pth of <li-.drn1g1• of the hallN}' shall Ill' r.o11siste11t with !ht• power 
~•11 lifct inw nf fiw ;,•ar:;. 

• 'Tlw hattrry ..,hall ro11si I of n•II~ of :,i111ilar c-ilpadti,, • in<"<' ;1 1ow capa<'ily <'<'II iu 
th~ h,,t t c'I)' 1111iy lwron11· n•v('rs<••dungrd <luring di'-<'h11rgc and s11ffo1 p<'rrnam nt 
da11i. gc•. 

Maintainability 

Environrnental pecifications 

Temperature 

Operation: -:30°(' to +60°(.' Storagt•: - :J0°(' to +tiO" • 

Vibration 

The uuit :.hall pa)'s the vibration tf'-.ts s1wcifif'd in Si•t·tiou :ua of the tf'd1uirnl ,p .. rifi
cation-. iu [ll]. 
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Transportability and storage 

AltMhmcnts shall lw pro,·id(•d fot storag£' during integratiori. Th<' unit wi11 11ot be 
t ransportcd iwparat ely. 

Design and construction standards 

D<·sign and construc.tion shall be aC'cording to M< ,•plt•d good prar.tkc•s. 

<.;11ffidc11t inlernnl tPst points shall lw pro,id<"d. to 1•11t1h1 .. rnrr!'rl <>J>Pration of important 
subst'clions of I he unit to l>C' monitor<'d . 

Materials, processes, parts, surface finishes 

All mate1ials sdectc<l shall ht> suitable for spa((• ust•. Tl1t• hatlt•ry shall 1,e st•al<•d and 
s11itahlc· for use in :-.pan•. 

Susceptibility ') lw nnit slrnll mt~•t all pt•tfo1m;11u·c- r1•q11in•1111•11h whik s11l,j,•cl!•d to 

I. A HF fit•ld strt•ugth uf 10 H' at 0 .. 1 ,,, at ,my frcq11c11<·y fwrn :!,5 M /fr to:? . ."> G/Jz. 

2. 0.5 \I H~IS Ht ,rny fwq111•11c-y from :!:i M II :. to :.u; GHz itppli,·d lwtwe1•n ('arth and 
illl)' t•lt•clririll li1w. 

Acceptance tests 

\ [u II spt of ac·c,•pt ann• t t'st s shall lw ddinrcl and c•xt'nll Pel. 'l'lu· il('('t'pt aun• c ri !Pria sha II 
lw s<'ICC'lt>d in Mtclt a way that a unit pas ing th<• test will 111c'<'l prrfon11a11C't' n·qnin•mpnf <. 
at l<'mrwraturt• and life ('Xlrt'llll'S. 

Qualification 

,\ <1uali(icatio11 tc.,t prc,gramnw :.hall lw dd11wd. which owr-strt'sst>:. tlw q11alilkati1J11 
model to a :-.11Hiri,•11t ext ft'lllt' in ord,·r to t•xplun• polr:nt ial <IP:..ig11 \\'1•,1k m·s,c', . .incl ass111t• 

I hat ;ut,•quatc <le1,ig11 margins t•xist. If r11·n•.:-,ary. th,• ksts shall monitor intf'rnal fc,:,;t 
point~. 

Stellenbosch University https://scholar.sun.ac.za



• • .... • f ' • , 

.. . .. . . 

Appendix E 

Power Simulation 

Turbo 5. 5 Power Simula
tion 

I lw Turbo 5 . 5 , o<lt• for I lw powc•r -:i111ula-
t ion i-: li,; t Pd h«>low iu t lw pro 1 r,111111u• ps 1m . pas. 

Program ps im. pas 

•••• c,1 araph 

•u Ith plu •tt•)(O 6-00J •t ual 
P•tr l•tnp •rr•1f1 t I HHJ ol tir,11 
•hrlt1m• ••dUtq• IAtl•U / •acl AU•J(O I 6) •f n•t ........ • ... ,,o 2111 ., , •• , 
•" •11•) IO I N>OJ ol , .. 1 
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l•flb 1l1hlb 1epb bo11om> kht-p 1 • ••bp ••plop 
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b•11a 

fhter, f nn11l•h•• rn••4 I 
• ttlt lll!Uf Illa, ef I mt11latt•• 
1udlo(ftu1d•J) .,, .. ,. 
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. , ..... . 3 
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u•11m•(IJ • 0 
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o• 
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1•111 p • l•hb -+ 110 
t'4hl I' • 111Mb -+ IIJ 

,r r••l•I, 110 1h .. "•••• 
••pbp • l♦pb 
t:iouornbp • b•llomb 
l•llhp • l,flh 
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11lh1 p • r11btb 

lilnt • 11111• ♦ 2•• 0/36.00 ••••• ,,.11 ... ,., .... d,..... phil•I I "'•l•I. JI 
c, .. ,., .. ,,hll•I ••••l•I 1, 
•f lt1•f•1• .ie,o ltl<tn M 11a 
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... ... 

SA,1a11(01bt1J • au(IJ 
Aond(or1>11J • •t1(1I , 

•• , .. ,110 10) 
•rtula( orb11• ettnl J ,1 11•11 •• • 1ut1dlf.!•(01b1tJ II I mi11 

tad •• ••dtirn•fo•bit) A 1 1ru11') 
f •adtim•(otho h O th•• b•1h1 

•• , .. ,(10,11) 
•flt•l"-(':5A ccruraa" •••rt•• SA,1.a,1Jort-.. 1J a I • 1nt11 ••J ••'.SA••u,,(orb11) • 11 • m111 t 
,.d 
11 SA•dlo11>11J • 0 1h•n ,,.,,. 

Joloay(I0,11) 
···••la('frlD A conuc• ... thH .,t111 

••d 
o,bt, • o,hu -+ , . 
.u,111m•(o,b11) • um .. 
I • 0 

""l'I • 0 
.. ,. 0 • 0 

.. d l•I uu[nJ) 
II a • 600 lh•n Ii•£•• 

i1nt1Um•(•1bll) a IUH 
IA•un(•rbuJ • •rrl•I 
S,\tod(or1>11J • •111•1 
1010,y{IO II) ....... { ., 

rt•<•d•'• Ouph•u•Crm•• u·,r r•a.l, Ill•••••• •tr••II 
••• ■H•I• '""'" 11rtd•f11I• pr••rbll •••I 

1t11r, J•hr pr•)'•••P pr•••••r 1,•r•mo•:t. 
&••rhdunt •' polltl aw , .. , .. ,,., • .. 1o,.,.,., ....... 

... 

11 •Phdu"•' • D•l•t:I 
11111,us.,h 1urihJ11u1 1uptunod• 
utal• • 0f'tmu If u•0) 
'JH•I• • 0 7) .. 0 $ • a .. ,"' •• ,~,,m.a• 
tf•,u .. 1t•(00O .. • .. •• •X h1n1••l) o., ... , \ 1100, hf'oldi111 l 

•t1•11 \(•U02ep11 fl) 
u(f\11td•1 h••d•"«l 

OttlO■ tX\( &021\••d•& 
0,.11,■1 \( 00 > llo I 

t, 0 h••d1■1, 
Ov1tn1X\(l O•tma•\ •• ♦ t ll••d1a1 

1, U 10 l!••d1111) 
OttU•••X'( ••tn••X AO O•tmu\ u-+t •••dt■&) 

It ym•• :..2 .. ••••••> 
011t1•11XV(l:O 00 h•.tll1•1t 

•••••rll'••4t•& 
Ou1u11). Y( tfO 10 ~ .. d,■al 
o ....... ,x, (2.IOO t .... u ... • ) 
O•tt••IX\ (2 10 A,•r.t• ••lu• • 

•• • r .... ,a .. .., .. , 111 
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tn " m t I 
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Li•• ..... , ... 4 pe.11, ..... , 
Str(■.••• 11•,l 
O•tto;1X, {p .. ltl •~ .. 10 h•a411•cl 
1r(( ■ 111)"1 00 • i I •ud"'a, 

Ovtt•tt, , ( peia., a, ♦•• ll••d111,a) ,, .... •o 11t•• 

•ad. 

••• tO 
•b• &f • ., • f0 lh•· 

IW • IC) 

o, II••• , l1H ■4(0.1m11X/21 u+20 011»11). 
r.111 • .,,X\(,ound O••muX/:JJ.tA• t,TO, unH i■ QI■ 

,. ··········••r "rll CLHAN IIMULA,.ION··············· 

r totitd11t• Jh Ta 
b,1,■ 
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for ti • IA•U1t1•• 10 !A•,.dnu 4o b••i• 

... ,., • ""l"I · ' •"l• •.au• ♦ ID ttutl P•••r owf'r SAJ 
••d 
torn • 111rt,n1 le (1ur1111.1 + •') do bt&l■ 

If n, I H O 1►-• 
•rtl•I • •rrl•I + 

••d ii\ llt or t:HP 11u,ml11•1) 
for • • IA1111111w1 •• SA,art,■1 •• 'b .. 11n • .. ,.I .... 1.1 . 3 

or,(■ • 111[•1 -+ 10 ''"" p■•u 0.01 IA) ••J 
tor ■ • ,1.,tinl •• ••du11 do 

•rrl•J • AH(•J + , ~ 0 Ullt " \'II• ,.,., .. ,.) 
t•1 111 • I Auau al to SA••d1ht tlo 

I., • ... a 

ot1[0) • •rrln) + :JO I• ,n..i• tuupHd•r ••u SA} 

•• t 

fo, t11 • ......... 10 (thfUAI + 4) do bir11n {mNI of lhi• IIRH .... , 
If" I HtO l~f'C. b.11n 

M • •h••l••-+ tO • (fl •••• .... •) (Ahu;• ••d Auo Ii<•) 
ur[mJ • •u(rnl + 2 

•••I (:1 "• .. mtll•r •1••hHi■ru) 
ond 
I••" • ••tttt nl •• f•••t111111 + t) •• b•11n {mo,1 •I th• t1m• eur) 

If •• lttO lllf■ IH&ID 

••d 
.. o1 

"' • ••••Ii•• ♦ t • (11 t1•rt1n1) + I, (Ah1c .. ••d Aal.&uuca) 
•rrlmJ • ou[m) + 2 12 ••to•••• •r01hot11•u) 

tor fl • IAtlarllnl le A•■d1"t 4e 
auln) • url•I -t f2t tHa tununUUt ow•r At 
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•n(ml • •"l"'J + t U , .. ., ..... ~ •• i. •• ., SA t 

oed 
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•ul•J • ,,r[■J + I lm•t ,,...,.,,., I 

fflr ■ ..... , .... , 10 (1taf1111I ♦ 30) do btf) 
1f ■ 1 lUO lh•• b•&n 
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~.,.,, 
fer " • •lalttnl lo ••dt■ t do (♦u J I A) 

•rrl•I • •1tl•l + :. 
• 1114 f 1oc..t111• f.: ■p•t1m•"' tii., .• 

t-,, n • tUrthll 10 (1hrtO!l i ID) tie b•1t11 
If ft, IH? lhtfl b.11n 

m • ll•rtuu + (11 ,ur11a11 • ~ + t 
111(1n) • arr(mJ ♦ I 
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.. d 
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1 
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for • • 1u.,u111 • • ••dta, do 

•rrl•l • utl IOI od101 ♦ •J 
fo1 o • 2 •• C•• bi&) do b•a•• 
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.... r .. •••• 

b•1•• 
Pp • 0 
f•• ■ • 1 t e Ut 4e l-t11e 

11 al"(•tr(•JI . PP •~n 
Pl • •b•!•rrlo)l 

nd 
I'••• • l'P .... 

12h 

(•••••••••••••• IMULATION Of' POWfll AVAILABLE••••--••••••••) 
NOC""••r• [thr,u 
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pa■mu • r•••d arr(•J) .... 
••• • • (••:tu" ♦ I{ •••mu .to h•&•• 

rtuf•/ • •rr(a 
ur(a • ••••In •••••" J 

ncl 

1t fq•m•• 1 ettad{ • rr,•JI th•11 
pt&ftl•• • ••••d ,,r[nJ) ••d 
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b•1 • 

nd 
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.,,,., • ... ,., ,,,1°1 
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ot 
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.. . ,,~ • 0 , .... 

,orr •I • url•\/21, 
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t\l'PENDIX E. J>OWf:H SIMUL,\'l'ION 

br1ua 
rucap • 4 
l•mp, • 0 
If lf'f'PP • 4t) lhf'a 
b aUf'mr •ff • I') 
tf "''"'Jt., 40 th•t 

b •11•.,p•I! • I ft • "'"P ♦ !IOI/ 100 
cap • tU<•p • b•t1•mp11fl' 

•ad, 
pt•u~h.H Aatphou, 

• ., 411.-d , .... ~., ... 

••• 

•u(Am1.11 IJ • r,1,p 
<led • 0 
c ... ,, .. • 0 

to, ft • 11m1■ •• •m•• do b•a•• 
11 (arr[n.JJ •• u1 I Al<O l•rrl•J • OJ •-•n 

ur[•I • •rr(o IJ 

••• 

II ( ori(o•IJ , eap) ri11 ( orr(•J , 01 th•• 
... ,., • 011(0,1 1 .. '"'"I/ &0 

,1 l •rrl•I, up) AND l•rrl• I ,• up) ,h,. 
.-11ar1• • , hara, + I 

,r (up• 011(01) • ded 1hu 
de<! • • •I' • ur(oJ 

dodp.,, • do<l/••r • 100 

"'•••• '"'••• I hput 

.... 

o.,,,,,,.,,> 
o.,;, .. •t(fiut,Jar). 

Or•flllt.•••~P•ak AHr.al(• P•••rdun••d ) 
O•t1•11XY(710,300 W) 
O■11,uXY(U0 3 10 W I 
••Mi. 

tlu,a 
Po•••homni• 
P•••ria, 

Orap,e111( P••~ A••••i• • r•-•• trom ""' J 
Ou11u1XY(rl0 300 \Ii I 
O■llulXY( 20 310 W ) 
r•adta 

hobathr,
Or•p~•••(r••• 
O•1tu1XY(22 
O■11n1X \ (120 
•••di• 

C ap.1 111 
Ampho11r 

Otap.oul p.,_.~ Aw•u1• ' Ampllo1111 of b•U• , 
0■11•11 \(220~0 Ah) 
0•11•11XYt,20 310 'A~ ) 
Sut<i.a•r• ••nn,) 
O•Ht11X\ (170 :uo eom• 

tt(dotlp,11 I 2 aom, ) 
Ou11u1XY(l10 2110 u111•) 
O•1t•,1X\ (2 210 Dit h11• cyrlu • I 
0•1t•11X\ 

1
2,2to D,ru, et 4uth~r«• • 

Ou11•1 :X\ t20 2 10 <J<lu I 
Ou1u ■ 1XY 220 2'0 "I 
r•a.dlfll 

d . . . 
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J\l'l'E.\Dl\ E. POWER STMULA'l ION 12 

SIM u WIN Power Simulation 

Tlw powc•1 simula.t ion in SI Mu \\'I ' is illm,t rntcd in the rwxt tlm•c figun's. fig. E.1 ,hows 
tlic main power sirn11latio11 module (powtest .dgm) of the block diagram ba cd program. 
Fig. E.2 is the 111od11l<· lssenmod) which r<•p1u1•11b tll<' pow<•r uppl) simulation in tlw 
main rnodt!IP. Fig. E.3 rcprt>sf'nts the module (pwrmod) which rq>r0 ,t•nh thc pow(•r 
demand "im11latio11 irt the main modult•. 
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Figure E.1: Main power simulation module Drawn by R de Villiers 
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Figure E.2: lodul irnulating powt r upply Dra~n by R de Vil icrs 
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Appendix F 

Design of Magnetic Compone11ts 

F.1 Inductor D . 
1gn 

•1 he indu lof' d n proccdurc in (2i) i u NI in thi 

Cot M at l'i 1 nnd Bmar 

111 n iuductof', tl1 flu ¢ ud th flux den ity /J r 1uop rli II I to th cum 11l 'L• •1 h 
current t hrou h th fih r indu<"tor i h ,rn ill fi . 3 , "h r 

11 611 ---,, .... , IJ,.. , (I·. I) 

nd th ~ il I ' i lrn 11,..u c n i111ti II cd to b 
qu I to ti it.> IJ ,. 1 la Phil' th 

rn irmun • ., == l , IJ to 
t, tirnt m:.q 111 . K I ined 
fro, c:un ho, I \ lu,-. of 
/J used i1 • nu t • w core I 

I it) C: 

u r II trr 
I th n Ou d, n it~. 

or iz nd h I> 

th m · J, • 1 be I led from (2 J. 
. To uit t ion, JJOt 
• d nutu 1 

I th o · b m u i . 
11 lb I fl-h h equ lion r inp For in 1 u 

J = 2 /mm'. IJ,..., 1 11 from I~. I •. •1 h product 

t,,,,..,r,, ... uh,.,,.. 
l .. J IJ,,.., 

I 2 

~~-------------------------~--
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PPENIJIX ,.·. l)f; JG ' or 1A 'E1'/ 0 11'0 E '1 "' 
I 3 

(F.2) 

llo \ th oor izr to be pi kt..'<I , u in Lh i11form lion 011 J>olcor in [29). The P2 /16 
cor«, \'ith A.. ,. - 3. . Io- m4• i cho n. 

Bobbin 

bohliin i pro\'idcd ith cor , nd th <'ff ti, cros • lion I r A .. = i mm2 for 
indin on the b bbi11 i h 11 , ho ,n in Fi . f,', I. 

·~ = 93. '"'"' 

T1-, .. 
h 

B llbin 

---12. mm 

l'====== 

T 

ur . J : B bbin nd Pot o dim n iou 

opp r Wir 

th rs of the copp r ir n h ch II from tfn rm I 
con id ti n , r tt. ~ ' 11 th middle or tl1 winding i I 
th im in ul ti n th , · 
to-,-olum r tio of th •inding 'th th iu 
1-'.I. Th from th rm I I r rr I t 
I \\ r I I r unit rnlum • 
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'I he nu1 imum permi iblc curr nl den ity d r with incre in bohhin izc, d 
crih1!1I in (27), 1 in thi inforrn lion, it ~ 11 b n that ttu• current d n ity i not 

limile<l hy or• heat rt triction , b cau I,.,= l.4 mm. 'I lie cum•nt clen it i d10 11 a 

J = I lion I r a of the copp r wire in t,•rm 'Jf I t,rm• nd J i 

lr,,u , ( I' ) Ac .. = - 1 = - = 1.21"> mm · .3 . 4 
1h diamet r, tl11n•forc, i 0.6 fllm. l"rorn \\iw tables. th,• nenn t wir· with a cro • 

tional re• c<1u I to or re t r th II J tcd. 

umin 
turn 

-f tor l.·c .. r r th• windin to h in th r n 
II by 

of 0.6 to 0. , th,· numb r of 

l-~1q. F.:1 nd F.4 ·icld 
( F. ) 

' t ,. • .,J 20 
=1 ... -== 

It ,rm• 
(F.5) 

\'l1 re 'i th m imum number of turn I iblc for th,• giH•n h,rwu 
core. 

Maxin1un1 L for th S 1 t d Cor 

II ,·in t d 11,,, • .r hO\ • nd kno" in the or no • t ion I re NPr, on can 
h them xitnum flu in th core 

indu t n 

th n 

¢mer= IJ,,.,., ton= 350 m7' * < 3.9 Jum2 =32.911 U'cbcr 

thl' m ximum p ihl induct no of th indu tor, the ir 
t, l h,rnu, the nu i ¢mu (lrn0\~11 from Eq. ~'.6). u of th 

in term of urrent nd nu linkage r, ult in 

I uh •r= 

'd,,...,. 20 32.9.10-
/1 OI' - --- = ----- = 9& ,,J/ Ii ,mer i 

(P.6) 

p mu t b 
definition of 

(F.7) 

(F. ) 
1 h indu t n 
co , nd i w II 

h· 11 in Eq. F. i the m imum indu t el<'r. J ibl with th 
bo,· th minimum,. htt obt incd in tion 'I , . l. 

mbining Eqq. F. 11d F. yi Id 

l~mul1,,,,..,. fi ,,m• = {t·c.J B,...,. }A 
For th ted number of lurn N, coml>inin J~c-1. ~ ... an,I F.5 in Eq. F. l r ult in 

(F.9) 

(F.10) 
Eq. F.10 hov; th t th Lmuft.,mu h,,,.. product r uh in th product of l\~o r 

• with th oo c multiplied by tt,c term within th br kd , whi h cont in 
qu nlili that re mat rial, ml Ii htly iz ·d p n<I nt. ht• ar • product A ,tco~r i., 

11 indic tor of ~ r iz nd of y, ight. 
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APl'I~ 'DIX F. /JI..SIGN OP IAGNEI IC COMPO ' l~N1 

Air Gap 

The air gap i C'.Alc:11lat.-~l on the h i of maxirmun a unwd flux den ity /Jmar " ich : 
enerated by the peak current h ,mar• U cau of th fringirr of the flux, ru; inrlic lt>d in 

rig. F.2, the e~ fl h · er • •c·t ion al rea of the air lip AJI c: n l> c• t imat r.d, hown 
in Fig. F.2. 'I he flux den ity in th« air gap c. n b timated 

( F.11) 

where • = l. lAcort = IO'J.:J mm2, anti 

(l". 12) 

hum Ampert•' law, al th" p 111.: rnm•11t 

f 1/Jl,mar di=,\' !1,m■r !P.1 ._I) 

Ha high r •latiw• pernical,ilit · i a 11111~ for tlw con• 111 tcri11l in Fi . F.l, that m t 
of the mmf i droppc.l in th,- ir gap, Er1, F. 1:J h::com, 

ll,,,,,■.r9 = N h ,,,. z (F.14) 

'l'h air- p J nth g c n l> tim t d from Eqq. F.n. F.i<:, nd F.J 

(I·. l ) 

ir p 

frin in flux 

diamct r 

Figure F.2: Fringing Hux ancl an tim tion or the rt'll of th air g p , 

For th p ific ir ap gh n by th for oin ~IJ lion, h ,maz- will produc • ¢mar a Uy, 
thu ati fying Eq. f .5. 

Fringing flux hown in fig. F.2 "cut " tl.e oopp r wir of the winding nd t hu produ<1 
eddy current lo in th .. winding. 'I 11 "I can be reduced b • u in di trihuted air 
gap. 
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\l'l'ENIJJX F. IJF /WV OF MJ\GJ 'B'l'IC U.\ll'ONJ:., l S 

LCi s Estitnation 

Tht• <:ore I< ,. are obtainrd from I~ nanc pro\'icl1>d hy the rort• manuf ctur •r. 1 he 
malt•ri"I cho en ha \'Cry luw <"'.ore lo . 'I he winding los es can be e t imatc•d hy caku
lating t ,, winding r i t ncr.. Knowing lht! rr • c•ctional rea (Ac., = 1.25 mm2) and 
thr. length of the ropper wire (10 x r,,J = I 111) 1 the ck r • i tann• of tlw wirnling at the 
op rating tt•rn1, •1 al urc can be t imatc~I. 

le.. a He,_= -ac., = ---17.10- = l mH 
Ac., 1.2,5.J0-

(F.16) 

I h J>owcr los in tltc ro:•n r 1tu•refo1r• i 

l'c ... lou • tlllt.•• = 0.3'i IV (F. Ii) 

'1 lwrt arc aclclitional edcl • <'tirrc t u in the wi11cli11 , • pcciall · if IJ i lnr e. 

F. 2 Transformer Design 

I he tr,rn forin••r d i n pr c ur in [2i} · u din thi <"'.lion. 

<-=or Mat eria l a nd Bmar 

In tr n form r ·ith bidir ction I ,).( .cilatiou, JJ = 11mar• in, <' th 
der don IJ, llm ~ i ch n to b a 1u"l· mall :r I ii n /J., 1• he ho n m t •r: Ii 3B 
fro Philip , b u it h ii h IJ .. ,. h m 12 l n. , = 350 m7', ud B,,. ~ , ch en 

m1'. 

Cor Size and Sh p 

Knowin th \'oil form, the flux ¢ CI\R h, obtain d 

\' dc, ,,,,a' 1•-
dt 

I th l th wr e ,ulta •• i zero. For a quare•\\ \c , olta 
r, in fig. F. , I~. F.1 bcoom 

Vp 
'r==---

/o¢m., 

... 

(F.J ) 

i11pul 

(F.10) 
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il'Pl~Nl)I.X r. /)1:.8108 OF 4\IJ\USE'J'JC C0.\1/><JSJ:N'fS 

♦ 

\', -t 
¢,,-.or 

l'p(/) 

lo 

Figure F.3: '( ran~former flux wi\vdo1 ,u when 111,(1) i a1 quar wa\t~ 

wh<"rc Jo = 'fc;' i tlw 01>c111ti11g f1t>q111•.11 y. An iuitial cl1•cti n of <l)rt' izP can I, 
rna<lc• 11 ing E<t, I· 'J I, when• S n<I the fr1'C1uc11<·y Jo are known from the• d . i 1, i11p11t 
Approximl\te e ti mat of kc.,, J n•ul 11,,..z IH • n,adc in I he , !ltf' 11u111m·r a \\ d • cribc<l 
for th inductor in • ction F.1. I hi llo\\ th p-·01fucl A .. t'O!'c to b I timattd mut the 
r.ort• iz1 to l, Plf!detl II ing t lu-- i11form11t io11 i11 (2' j. 

> 
\11•,rm, f P,,m# 

-JL·c .. J /Jmuf o 

The P3il/ 19 l'otr h =-· 7.5'J. 10-1
' , 11d 1 ,•Jc~tc<I f,>r th,• trl\ll"IOrmct um. Nov. 

th t th core arc•a A , wn, Bmar i •I led, in the Ji cu rion in .. Lion F.l. 
Thr..r"forc-, <!>mar - lcou",1111.r can b uh titutf'd into E<1, F.:Jl to jid,I 

, > ~l,mnr 
Pl 

foA ., llmar 
.u 

0.2.1 = (i 

(F.20) 
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J\Pl'ENVIX F. DE.'>/Gi\' OF MAGNETIC CO.\IJ>ONFP..18 

= 16 = 3 
t X 3J.101 X J:Ji. JQ-6 X 0.25 

(F.21) 

Np1 and N,,J is chosen as 6 and 3 re-.pectivdy, and thcH•for(' 

(F.22) 

and 

By choosing ' ., = 7 Eqs. :J.l L 3.1,>, I· .22 and F.2:J are satbfie<l. 

Bobbin 

The bobbin for a trnn former ,,·01111<1 011 a poltor<' i shown in Fig. F . 1. Ba ed 011 

the initial core selection, the dimensions l .., ,u1d h.,_ are known, and the effe(·tiw area is 
A,.,= 55 '11T1ll . 

Copper ,Vire 

From thcr1111tl conside?rations imila1 to thos<' dbrnsst•d i11 tlw <le~ign of inductors, the 
r.urrent den<1ily is deducted a.c; J = 1 A/m,11 1

• 

All windings 1tre designed for the same current density so that 

lr1 ;J.75 2 
Acu,/'1 = J = -

4
- = 0.91 rnm (F.21) 

lpJ 2.5 i 
Acu.Pl = J = -:r = 0.625 mm (F.25) 

/-, 2.5 l 
Ac.,,.) = J = T = 0.625 111m (F.26) 

The diameters of the conductor , thcr.•forc, atl' Np1 = 0.6 mm, NrJ = 0.5 mm and 
Ns 0.5mm. 
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J\l'PBNDIX F. DESIGN OF MJ\C:Nf1'JG COMPONES'l . 

\ ssuming that th.- rnagnetizing <'um•nt is ne11,ligible and that power is only supplied J,y 

th<' batte1y during maximum load, 

(F.27) 

Co111bini11g Ect, F.27. F.25 an<l F.26 yield~ 

(F.2 ) 

Assume that I he i:a,ne winding fill factor A·c .. for t Ill' primary and s<•coudary windings 
yields 

( F.29) 

Using the dimension:-. cakulated above in thcc..e t•quations. it rnn he seen that th windings 
fit on the core. Comhining Eqq. F.28 and F.W. the ar<'a of the roppcr wir • ran he 
t•stimatecl as 

( I'.:30) 

( F.31) 

Maximum Current for the Selected Core 

With Ac,. elected in Eq. F.:H, th,. ma:imum allowable ntrrenb at the cuHcnt density 
Jar 

. k," I A.., 
1Pl,mn = 2 \pl 

kc.,JA., 
ls,m.i.r = 2 V 

s 

(F.32) 

(F.33) 

If /p1,mar and ls,mnr are smaller than the current required by the de.,ign spf'dfkations, a 
larger core must be elected. The opposite is true if the maximum currents possible are 
too large. 

The volt-ampere rating can be oht3ined by combining Eqq. F.19 and F.32 au<l assuming 
]p = f P,mar 

(F.3t) 
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This Eq. "how that I lw maximum volt-ampt•1c rating fort he <;t•lectt<l fOrl' is proportional 
to th produc-t of tlU' two area. as ociated with the cou~ and the operating frequency. The 
quant it i~ within th q11Ar • bracket arc material and lightly ize•<lepf'11<lcnt. Another 
important conclusion to be dr,1wn is that for a gi\'Cll VA-rating. the c-orc ize varie 
invcr dy proportional to the frN1ucncy, a<; long a.s Dmor i!4 kept con taut. 'I he ame 
procc•durc· could he follow,•d by a ,;urning that all the po~n is dc•liveH•cl hy the PV array. 

Leakage Inductance 

Becau e of the elec:trir.al ic;ol, tion reqnircm nt. it i!4 not po ible to intern ind primary 
and secondary winding rnnduc tors. The flux den ity in the window d •pends inversely 
on the window height, and th<•rdort• tht• le kagc i11duc-lanc varit imers ly acco1diug to 
the (window }wight )2• 'I he le11kagc i1,d11r.tantc of the transformer will therefore he large. 
llowc•vcr. it :s u <'d to the advantage or t lw convc1 lt•r, in the cn~e that it forms the filler 
inductance to the hat• r . 
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.PP!~ 'DIX G. CHE IA'J'I 'DIAGIV\ 1 

Figur G.l: PV PM 1 + . of th 

t
<[ 
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I 2 
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Af'PE 'I)/X G. SClll~\f,\'J'lC /JI Gil 1 

Figur G.2: PV P n I • ., ' or th PV G ner tor 

I 3 

I
<( 
tf) 
z 
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Cf) 
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PPE 'l)IX G. CIIE,t 'I I IJI GR 1 

Pi ur G.◄ : PV I n 1 • of P\' 

Cf) 

::> 
Cf) 
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