
DISSIPATION LIMITER
by C. Zschocke

Dissipation in electronically regulated power
supplies, manifested by heat, is a problem that is
normally tackled by providing external heat sinks'

The limiter presented here offers a more
intelligent solution. lt can be used as an add-on

unit with virtually any Power supply.

rTr HE recondary altemaiingvoltaBe hpower
I supphes st.brlued with the aid.f serjes

reSulaiors is normatly calculated io ensure
that with maximum ouiput voltage and cuF
lent the potential actoss the reselvoit caPac_
itor does notdrop below ihe minimum volt
age, Ur, required for satisfactory op€ration
of the iegulator. When the suPply oPeraies
b€low maximum outPut voltage ancl cu.
rent, the power thatis then noi required is.on'
verted into heai. Moreovei, th. design al
lows for maximum outpui voltage and cuF
rentevenwhcnthemainsvoltageisatitslow-

Th€ secondary vottage nlay wellbe spec-
ified too high, wjth the rcsult thai when ihe
mains voltage is at its highest specified level
and ihe power supPly is open-circuited, the
marlmum permissible Potential across the
resenoircapacitor,and thus Lhat at ihe input
of ihe rcSulatot may easilybe exceeded.

lt is clear that inmostpower suPPlies, ihe
spccified voltagelevels for the regulator ancl
.eservoir caPaciior are ncedlessly high.

Possible solufions
The uneconomi.al desigrl outlined above
may be improved in several ways. It is, for
insiance, posslble, with the aid of relays, to se
lectsecondary alternatingvoltages according
to the load requnement. This is, however, Pos-
sible only wirh a very sPecial, and iherefore
expensiv€, mains transformer. Another Pos-
sibility is to use phase gaiing.ontrol. This,
how.ve!, requires fairly high switchins.u!'
rents and causes noise on the mains slPPly
Moreover, capaciiors that can withstand high
curr€nt pulses mrsl be used and thesc are

A third method is used in ih€ circuitPre
sented herc.In this, the charging of the reser-
voir capacitor is interruPted when a certain
polential across the.apacitor is rcached. The
circuit, whi.h canbe added io most existing

regulated mains Power suPplies,
. minimizes the power dissipation,
. offers an additional reduction in disslPa

tion during a short-circuii or ciurinS.ur'

. isinexpensive io buildj

. usesonlystandard,readilyavailablecom-

. needs only little spa.c,

. is suitable for high curent supPues,

. can be us€d wiih positive ancl negatrve

Principle of operolion
InFigur€ l,anele.trcnicswitch,for instance,
a SIPMOS hansistor, is ins€rted b€tween the
rectifier and the reservoir caPa.itor. At the
start ofeach halfcycle, the switchison (u r>3 V).
A charging.urrent nows inro the caPacitor

,"1

Flg.1. Prlnclple oI op€ratlon oflhe dlsslpatlon llmiter.
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and th€ poteniial, U.. acioss the capacitor
follows the instantaneous level of ihe half'
wave voltage. When U. has reach€d the min-
imum level, Uso, iequired fo. the wanied out-
Putvoltage, Uo the charging (]meniis switch€d
off until ih€ end of ihe half cycle. The level
of Uso mustbe chosen to ensure thai Uc does
not dropbelow Uruntil chargingcurrent be-
gins to flo& again at thc start of the nexihal{
.vcle. This voltage is the sum of the wanted
output voltage, the drop ac.oss ihe regula-
tor, Ud, and the voltage resulting from the dis-
charging of rhe capaciior. The difference AU
tha tis,ihe seri€s s{'itch-off voltage, U$(m)" be'
tween Ur and Uso is easily determined, since
it is directly p.opo.tional to ihe charging
cu(ent,infact,ALI=I|lC,wherelisihecharg-
ing current, i is ihe time during which charg'
ing current flows, and C is the .apaciiance
of ihe leseryoir capacilor Thus,

U".=u.+Ud+Au

-Ua+Ua+k /C.

The time , is, in full-wave reciification,
equal io a half cycle of the mains tuequency,
that is, T/2. Then,

U,"=U"+Ud+lT/2C

Ifnow the maximum permissible ouiput
current, Io(n) is substituted for I, ihe highest
potenhal drop acrcss ihe regulator (at ihe start
of each half cycle) is

U".t-l=U* U.=Ua+Iq-tT/2C.

From this, ihe instmtaneous dissipation, Pr,

P-loutu(m)=iolud+lo{n)T /2C IoT / 4Cl

As an examplc: a powcr supply $'ith a
reservoir capacitor of 3300 pF is .equned to
provideanouiputvoliageof 0-15 Vaia max-
imum current of 1A. Sincelhcpotential drop
a.ross the regulator is 3 V the voltage across
the capacitor, U., m!5tbe at leasi 18 V Without
limiiing, lhe maximum pos'cr loss, Pr(n), in
the regulator is 18x1=18 W (which is, forjn'
stanc€, ihe case when maximm curcni flows
at vcry low output voltage as in a short cir

Wjih limiting, the voliagc across th..a-
pacitor tlso, needs tobe only

Uso=Uo+Ud+roilC=
=0+3+1x10 r/3300x10+=3.03 V

The maximtrm dissipation is reduced io

l',1^t=l"Iua+ I',otT / 2C-IoT / 4Cl

P.l-t=I.(Ua+Iq'"t?/4C=

=1(3+1x2x10 r/4x3300x1(ts=4.5 W

which is an appreciable improvemcnt.

t
-o

Fig,3, Circuit dlagram lor both versions ofthe dissipaiion limiter.

Fig.2.Dissipatlon wlth and wilhout llmlter
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Fig. 4.  Pr inted circui l  boards are avai lable lor both versions otthe dissipat ion l imitef .

The procficol circuil
Thccj fcu j t in f  ig .  3maybespl i tn l to  thed. ive
for  the. ! r .entswi tch,  ihe swi tch i tsc l f  (  Tr)
and a ' thvr is tof  .  Thc thyr isbr ls  formed by
transis tors Tr  and T5;  i ts .athode is .on
nected to the olrtPLrt te.minal of thc s.fics

fhc thvr is ior  is  swi t .hed on v ia Tenef
diode D7 as soon as the voltagc a.ross th€
r.guLator cx.ceds the level fixed by the zener
dbde pllrs the b e loltate of Ts ]i siritch.s
iiself offjust bcfor. thc ncxt zero crossing
To mak. ccrtain that it does, it is decoupled
from the rectifi€. and the inve.se di.rdc olT,
lia D{ and D:, x,hicharc Loadcd by R5.
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Wh.n the ihvristor is on, T! nvitches I L
on and this in ium $ritchcs fr off.

r i ins iskr  Tr . lso scrv.s ,  iu .onj lnct ion
wi th R3,  to dc.ouple the th! r is(n 'and the
.hargnrg .r.'ent $t it.f .

l)iode Dr and C, p(^ id. T, lvith the ne.
.ssary nvliching \ oltdge

Zener di.rdc D p(nc.ts thc gite of Tl

lhe inductincc of th. mains translorn€r
.aus.s i hlgh back e.m.f. ivhen the.hi.gnlg
. ( rent iss$ i t .hed o i t .nd t l r is)nayupsct  t l ic
(or.eci oterniion oi Tr This is prcv.nt.d br
Dr and Dr, h'hich srlltdr off T2 as soon !s
the br.h e.rn. f. er.ee!ls the p.on issjtrlc r.rcfsc
bias A uscIul.llcct of th€ bi.ke.m i. is that
iiin.reasesthelnnendal.cross Cr,shich guir
dnteessatistaciory s{'itchjrg oiT2clenwhen
th. output voltag. is r nlrxim!.r.

Resisbr Rl2 ensures cofe(t 5wit.hnr!!of
T, wtlen the outplt is not l.ra.Lcd (opcn cir-
.uil). ]i must bc rat.d at iI(,( )r/Rl, nlatt. ]t
ma! be omitted if tlie poser slrppLy is p.r-

Translsbr T, lstbe fitted, nlnlrtul, on
its own heat snrk or on ihal ol thc r.guLator

Ilcpcnding on ihc component values, ihe
Limlier may be rse.l with second?ry altel
nat ing vol tages of  up to 50 Vr , . ,k .  l i  is  not
possiblc tosay irhatthemaximum load cur
rent  can be $, i thout  knox, in8 thc vnluc o l
thc rcscnoir capacitor and the spe.ification
of the mahs tr.nsfonner. Whai .in bc said
is tha t tfe ha ximum charging cu(cnt p ulses
must not cxcccd the rnaxinftm permissible
.uireni through Tr, s4licli is l9 A f(r th.
BUZl0 and 30 A f.r thc BUZl1.

Thclimiicrcanbe used withoutany p.ob
Iem in 5 A power sufp l ies.  lhe pfo io iypc
opc.atcdsatisfactoriLy withan outp!tcrrrent
of 10 A teservoir capacitor {,as 10 000 Uf)
It is alwdyspossible in dorlbtfuL.ascs to.on-
.c.t t*ar o. tlucc SIP\'IOS liansistors {Tr)in

Here are sorne tips focalculaiing thcval

ues or faihgs of a nun$cr ofcomponents.
. Th. z€ner \,oltage of Di mu* be LIs. 0.7 V

(LlL.  { , rTc) .
.  ihe n iar imum.cv.rsc b ias o lT2 mustbe

gr.aicr than th. peak value of the poten
tial acrcss tlie resen!ir capa.itor.

. i h. zcncf loltagc ol D2 must be equal h)
the mai im!m reve.se b ias of  I r  nhus
5 \ l

. Capacitor Cr ustbe rated it U",,(,n)ttus
2!  V l r ) j )

. Transistor Tl must be able io withstand
voltages of LIs.(o,) phs 2lr V (Llr).

. liansiskns Ir and T5 must halc a rcv.rse
bias rathg eq(al to the pelk y.ll,e of the
seconda.y alienrathg voltaBc.

. R.sisbr Rtr !n1st be rated .rt L/.lntr/Rrr

. All connectnrg s,ifcs should b. as short
as possibLc and ofappropriate thi.kness.

. The dimensions of the he!t snlk depend
on the irafsfonnrr ih. rcscrloir capa.l-
tor and ihe maximlm pernrissible shori

. h mon .ascs, it is posslble to lit T. on the
heat sink of fie regulr(n..

Conslruclion
Tlie lihiter des.ribcd abovc is, o{ course, n!
tcnded for positive \ oltages. One f or nega ti\'.
!oltages operatcs in a sinilar manner, b(t
U1c polarity ofsome components,nust be fe

lvh ichev.r  lc fs ion is  n.cdcd,  i t  is  best
consir(ci.d on the appropriate printed cn'
.!it boad shown in Fi8. .1. Ihe diffcr.nc.s
ljet{,een the two vc.sions are lndlcated by

Itisiecoh,nendcdiotirctrgthn thebroad
tracks by sold€ring thick, bare si.€ on them.

The.ompleted uni i  is ,  as showninf ig .3,
interyosedbetwecnthcrcctiflerandihereser
voir capa.jior Short, heavy d!t_v wiring sl1ould

I

Beablortl
R1, R2 = 4.7 kO
R3 = 100 ko
R 4 = 1 k a
R5*9 = 22 ka
R10, Rl i  = 220 ka
R12 - 2.2 kl>
n13 - 100 kQ

Capacltors:
C 1  = 1 n F
C2 - 47 t!F, lOO V

Semlco.ductors:
O1 = zenerdiode,20 V,400 mW
D2 = z€nsrdiode,39 V,400 mW
03 = 1N4148
D4-6 a 1 N4004

T1, T3 = BC556B ipos); BC546B (neg)
T2 = BUZ10 or BUZ11 (see iexl)
T4, T5 = AC546B {pos); BC556B (neg)

Miscellaneous:
H€at sink for T2
PCB 910071


