
ELECTRONIC U R W I T S  NAVYIIPS 

SECTION 5 

VOLTAGE-REGULATOR CIRCUITS 

PART A. ELECTRON-TUBE CIRCUITS 

GAS-TUBE REGULATOR. 

APPLIUTIOW. 
The yos-tube reyulotor circuit is used in certain elec- 

tronic equipment pawer-supply circuits to obtoin neoriy 
constnnt output voitage(s). 

CHARACTERISTICS. 
Reyuloted output voltage to lwd i s  nearly constant: 

.mltage l i sp  a o s s  regulator tub+ iemolns nemiy mnscwt 
lor considerable rmqe of tube currents. 

Vcltoyedivider principle employed, usiny fixed resist- 
ance ond variable resistmce !;loseous reyuiotor tube! in 
series; lied . is tm,,, ' -- :.-- ,,,,.. --.-- ,.,,,s reyhti?:  t u k .  

lqmiotion in &.:- L L . ~ ~ ,  -:.- ." perni!~ ~0s:tive (phte  md 

screen) or negative (bias) supply voltayes to k reyuloled. 

CIRCUIT ANALYSIS. 
G.nnol. n e  gas-tube replator i s  one o i  the simplest 

types of voltaqe reyulators. The reyuiator circuit consists 
of a fixed resistor in series with o cold-cathode, yos-filled 
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regulator tube. The reyulated output voltaye i s  developed 
across the reydator tube; therefore, it i s  across this tube 
that the load is connected. 

The reyxlotor circuit develops o definite output voltoye 
which i s  dependent upan the type of yos tube used in the 
circuit, psvided that !he varioticn in l w d  current i s  within 
the operatiny rmye of the tube type employed. Gas tubes 
ore rated occordinq to the voltoye appearing across the 
tube d x n g  norm4 ovmtinn nnd occordiny to the maximum 
permissible current through tine tube. Typicol apprsximate 
operatiny voltoge rotinys for cold-cathode 40s-ulled tubes 
ore 75, 90. 105. and 153 volts d-c; typical maximum current 
ratings are 30, 40, and 50 milliamperes. 

Crrsvrr 0p.mtt.n. i n  the m m p m y h g  cirmit shematic. 
parts A and 6 illustrate c gas tube used in o Sasic voltaqe 
- 1 - : . R ic tk. car,',c . K , ~ , " ~ .  p]pfllnn 
lSI,Y'ULU1 -..- -... ...-. ... ._ -..- ~~ 

tube V1 i s  the yas-iiiled reyuiotor tilte. i n e  crrculr given 
in port A provijes reguiutim of u p3s:U;ie i:,pui v o k o ~ e ,  
while the cirrilit yi,ien in par  3 provides reguiotlon of a ..--. ,..- : --.,. .-3 .-a- 
. I - IYuvC , -= L l i Y J l  .I,..III. ~ : e : c l  r ~ g v l ~ o r  ! U ~ F  may he mn- 
nened i n  a s a i e s  cumbination, if deslrea, to obtan a higher 
regulated output voltaye. In the rrcornpmyiny a r m i t  
schematic, ports C andD illustrate two reguiator :ubes L7 
series. The circuit qivm in part C provides reguloucn 
oi a posltlve input voiloye, while !lie circuit gi"" ir. 9s: 
D provides rergdotion oi a ne~otive input voltaye. !nter- 
mediate regulated vol[oges can te obtained !;ox 'Ce ]m:t:o:. 
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Q L  the regulator t u k s  in the iotter two circ;iits (or from t ie  
junction of my series combination of rejulator tubes), 
or?viled that tne current drain 31 the assoclote.' !an3 i s  
ke?t la,#. 

The cold-cathode qos-filled regulotor t u k  is : tao- 
electrode tube with o cothode 2nd plate. The evacucte? 
tube contolns a small omount of ,735, such 3 s  neon, .vtich 
i s  sealed inside the tube. :hen sufficient voltoge i s  -2- 
 lied to the tube, ionizotion 31 the "as molecules occurs 
ond i s  responsible lor the current p~ss iny  though the tube 
durin? operation. Ii a gas tube i s  connected d i r ~ c l y  3cross 
o source nl voltoqe ehich is big? enouyh to ia.rire the jns, 
the current will immediately increose 13 such orooortions 
tnot the t u k  minj k dmaye?. The use of a series reslst- 
znce i s  essential, therefore, to !hi t  the current tnrouqh 
the tube. 

There are rwo sepoiate voltoges to be ;onsidered ;n 
discussino the conditions under which the reqdator tube 
xlll ionize and operate: these voltages sre the tued<down, 
or !iring, voltoye and the operntlny voltoge. The breakdo~n 
(or liriny) voltoge i s  thot voltoge ot whlcn the gas beccmes 
ion~zed and beyins to pass current. Below this starting 
voltoye the gas gill not ionize 2nd current *ill not puss 
through the tube. The operaiirq voltage is the voltaye at 
which the tube will remoin ionized alter having started. 
T 
t 1s a considerable ditlerence Letween the supply vol- 

ti nd the voltoge at which the regulator operates. 
iflerence i s  compensated for by h e  series resistor, 
ch olso serves to statilize the load. 
vdue of the series resistor depends upon the 
n ds voltoae inDut to the rmuiator circuit. the r e  , . 
d-c output voltaye, and the combined currents o! the 

31 tube and the land. The resistor is qenerally chosen 
I. of sufficient resistance to limit the current throuyh 
the reyulotor tube to 3 vdue ,which is ~ I ~ a y s  less thon the 
rnted mmtimum aperotiny current. The current throu.~h the 
requlator tube at the ilstorit of ionizotlon and before the 
load current has risen to its normal value may initially 
exceed the maximum volue; b,owever, os soon as the land 
current rises to its no-mol volue, the regulutor tute current 
drops to a value which i s  within operating limits because 
of the series resistznce in the circuit. 

The ionizotion of the gas wimin the tube changes, de- 
pending upon the opplied voltaye; a s  3 result, the internal 
resistunce of the rei~ulator tube chmqes. %hen the oppiled 
voltoge increoses, the lonizotion of the g3s increases to 
lower the tube resistance, ond a larger current i s  possed. 
~onversely, when the applied voltoye decreases, the 
ionization 01 the gas decreases to increase the tube resist- 
ance, and o s-ndler current is possed. 

From the accompanying circuit schematic, note that 
the load current 2nd the refj~lator tube cuirent ooth pss 
through the series resistor, R.. If the d s  input voltoge 
to the requlotor circuit drop,  the voltcyc onoss  the regulator 
t h e  d s o  hops  rnomentorily, at which time tne gas within 
the tube deion~zes slightly md less current passes through 
the requlator t u k .  Therefore, the curr?nt through the series 
resistor dereoses  by L+e amount of the decreose in the 
:eg'113tor tube. Since the currnt through the series resistor 
decreases, the voltage dr3p across the reslstor 0150 de- 

~ . 0 0 0 . 1 0 2  VOLTAGE REGULATORS 

cresses, nnj the nut?ut voltage ,delivered to the lood in- 
cresses to re:urn to its oriq~nai value. In o s>milar manner, 
if Lqe in3ut voltoye to the regulotor circuit incmses ,  the 
i.,~ltnge across the rqulotor olso Increases momentcrily, 
at 'uh!cn time the qas within the t u k  is further ionized and 
io re  current ?asses throuyh the reyulotor tube. Thus, the 
current tlrouoh the series rrslstor is incressed. Since the 
clrrent throuqh the series resistor increnses, h e  voltaye 
irnp 3iross tne resistor also increases, and the output 
voltage delivered to the load decreases to return to i ls  an- 
ginal vcllde. !(hen the value of the series resistmce i s  the 
correct ~ 3 1 ~ ' ; .  for the load to be re,julsted, the output vol- 
VI le 13 hei-i nearly :anstant by the action of the requlztor 
tube. As just described, this action deoends upon the loct 
4 , -  . ~ t  chm:les i n  the ionization of L+e j o s  within the tube 

v ~ r i e s  the mount of current thot the tube cor.lucts. 
The llscussion stove assumed that o chan?e occlirred 

I n  the d-c lnput voltaje applied to the requlator circuit. 
Ho~ever,  the regulator circuit d s o  compensates far changes 
licurring In the l o d  current. li the lood current should 
increase, the voltage drop ocross the series resistor, R,, 
will immediately increase. As a result, the voltsge across 
tlre retjulotor tube decreases mamentorlly, at n-hlch time 
the gas within the tute deion~zes slightly and less current 
pzsses through the regulator tube. Therefore, the current 
throsqh the series resistor decreases by the amount of the 
decrease in the reyulotor tube. Since the current liirouyh 
the series resistor decre~ses,  the voltaye drop 3cross the 
reslsbr olso decreases, and the output voltoqe delivered 
to the lood increases, returning to its oriyinsl volue. In a 
similar manner, if the iaad current should decrease, the 
voltoye drop ocross the series resistor will immediately 
decrease. ,As a result, the voltage ocross the rewlotor 
tube increoses momentarily, ot which time Lhe gus wimin 
the tube i s  further ionized and more current passes vlrough 
the regulator tube. Thus, the current throu:jh the series 
resistor is increased. Since the current throujh tne series 
resistor increases, the voltaye drop across the reslstor 
also increases, and the output vol t~qe delivered ta the load 
decrmses, returnmu to its oiiqinol vslue. From the dis- 
cussion q v e n  here, it is seen that the output voltoje is 
held nearly const~nt by oction of the requlator tube when 
chawges occui in the load currznt. 

The d-c input voltaye required to cause ionization 
of the regulator tube when the circuit i s  first energized is 
approximately 3 percent qeoter tho" the operating voltage 
specified for the re~ulotor tube. The output voltage ol the 
requlator circuit quickly drops to the operatiny volue 
of the regulator tube a s  soon as the tube ionizes and beylns 
to conduct, causing o vo l tq r  drop to appear across ihe 
series resistmce, R.. in order to obtain stable operation, 
the regulotor tube must be operated so thut it is ionized ut 
all times, md its operctiny current must foll within s p s i -  
!!ed maximum and minimum current rutlngs. I f ,  for some 
reasan, the oper~tinq current e x c e d s  t ie  specified maximum 
current rotiny or if t l e  voltoge 3cross the t u k  is excessive, 
the tube will become highly ionized, will lose its ability 
to re3ulote. and rnw be oermonentlv doma,~ed. ,~anverselv. ~. . . 
li the operating current bops  below the s k i f l e d  minlmum 
current ratina (o~~roximztely 5 milliamoeresl, the tube .will 
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teccne deionized and will no longer regulate the output 
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Also, if the voltaye across the reyulator lube drops below 
the specified operatiny voltage to a value which is apprnxi- 
mately 70 percent of the breakdown (or iiring) voltage, the 
tube will k o m e  deionized. 

The value of the series resistor, R., can be apprnx- 
imated using L+e following formulo: 

- Ehh - Eo n. = 
where: (!p t !load! 

Ebb = unregulated d-c input (supply) wltoge 
E, = regulated output wltoge (to load) 
I, = ieoulatortilbe current 
!load = load current 

When operation of the regulator tube i s  desired at the mid- 
ooint of ~ t s  roted current rmqe, me value of t u k  current 
use; ,n tirs uh;e  ic;;;.;!~ is $ 7 ~ 2  ES: 

ID = I=- + !mb 
wnere: 2 

I,.. = rated maximum tuSe NIrent 
I,,. = rated nunlmum tube current 
In applications ,where a regulated voltage qreater than 

the voltage rating of a single regulctor tube i s  required, 
several regulator tubes may be connected in series to obtain 
regulation of the desired voltage. Furthermore, ii the cur- 
rent hain of the lwd is kept low, on intermediate requiated 
voltoye con k obtained at the junction of any brio regulator 
tubes of the series. P a n s  C andD oi the accompanying 
circuit schematic illustrate two reyulotor tubes connected 
in series. This circuit con1iyura:ion permits 3 lower . . . ,- iegui j i5  "o;[age jL, Na. 2) l" bi. take: f;;z t i c  ? ~ c  7;p;!y. 
Note that the current tNouyh reyuiotor tube :'2 and the 
iond current of the lower regulated voltage (E, No. 2) must 
anss through reylotar tube V1; therefore, the lmd current 
a, . :, , e ~,v.er 1- . voltsye must be relatively small to prevent 
the combined currents from exceediny the maximum current 
rltinrj of reuulotor tube Vl. 

FAILURE ANALYSIS. 
G.n.roi. Initially, some indication of the trouble 

associated with a yos-tuk reyuioior circuit curi h~ o b t ~ i ; , ~ ?  
by vlsuoi inspection to determine the presence of the charoc- 
teristic glow from the ionized gas nitnln me tube. ,?hen 
current @,rough the tube i s  nem its maximum rating, the 
tube i s  hiuhly imized: when the current i s  near its minimum . . 
rating, the tube 1s liyhtiy lonlzed; merefore, ine intensity u i  
:ke zasecus iiscncrge wjzhin rbe : c x  i., .d.x:.m 5 
.,.L .,y. r ~ n d ~ c t i o n _  - !f me tuoe is not ion~zed, tiowever. Uils 
I ~ ~ . :  -,,, .;,, .,;,c,,4,.!y 7 2 3 :  !?31 LE xLP is . ' e f ~ ! l v e ,  clot..-. 

the same indication (lock of cha.acteristic glow) my ps- 
. . I;,y XCU :i d7e ~ e ; ; ~ ;  ;?;is:= (2,) !ccr.2zse- in .??!.?.? if 

the d-c lnput voltoge <Ebb)  is be iw nirm~i ,  c: :i :b.i. :XI 
c;::sr.t ;; rxcessive. It is Lherefnr~ nffessly to ~ o k e  d-c 
i;li;;s mecs;:ements at :he input and o~ tpu t  terrnina!~ 
oi the voltage regulator circuit to determine wheb.e~ h e  
fault lies within the regulator circ ' t o r  whether it is exter- 
nal to the regulator cucuit. 

The value oi the series resistor, R., can be checked by 
onm?leter measurements to deternine r:,eL,er any c$,zn;e 
L7 :2sis:c?cc L c C u i m i ,  z :'he 7ci:-;= r2nezt r c c y  
~1 .,~. ... > -.-. ... ,, i e  ,,,,,,.., ,,.k is cxcee64 icr 3 c ~ ~ s i i e r c ~ i > l e  irilyiii 
of time. the tube may be dmayed a d  iose its regulotlon 
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characteristics: therefore, the regulator tube itself con be 
suspected a s  a possible source of trouble. Furthermore, a r e  
gulotor tube which i s  subjected t o o  very strong r-f heid 
may oe unable to regulate while the field is present, be- 
cause the r-I field may ionize the gas within the tube in- 
dependent of the fiorma! d-c conduction current. 

ELEt:ROH!C RESULITD!?. 
G.n.roi. Most elritriinic quipmen: can opera!e sa!?s- 

factoiily with a cecain mount of variation in the supply 
voltage without affecting equipment perfomance. However, 
the operation of cenoin circuits i s  very sensitive to slight 
changes in supply voltage: thus, the use of a voltage r e p  
lator i s  required. 

An electronic vo!toqe reqdator i s  a device connened i~ 
.* , , , e  o::~?;: ci o ~ J W E ,  huppLy tc ,<&r,tA~ t>,c .x:p;: ,:z!!a;z 
ot a specified vciue. The regulator circuit reccts automat- 
icolly within its design iimits to compensate for any 
change h the output voltage, due either t o o  chonqe in the . . . . ", ," " , . ! , ,rr, ,rr '. .L- i--2 -....-. -.rp.y ."A.ure -. .- - ..,- I!! .I!- i..." L",,..,.. This re- 
q;;!rn;n; ac!io.n c m  be described as n form of nqotive 
feedback. 

The electrotuc voltage requlator con be cornpored to a 
variable resistance, Rs, in series ,with the lmd resistance, 
RL, and the output of the rectifier and filter circuit. Such 
a circuit i s  shown in the accompmyinq i!lustration. Vmi- 
able resistance Rs and imd resistance RI. form a valtaue - 
divider. If the supply viltage increases, resistance Rs i s  
increased, causing a greater drop across it and thus main- 
taining a constant voltage across the load. On the other 
h.cr.4, i! !he s)~pply vnltnqe decreases. resistance Rs is de- 
iiase?, again rnoi.?t~~ing a constoc: voltage onoss  the 
Imd. Similar variations in Rs occur for or.y wriations in 
the iooa. if tP.e ioad resisronce increases, nith ; i enezse  
in l a d  cwrent, Rs is made smlier;  thus ihe volmge d r o p  
ped across it is less, and the voltoae ocross the load i s  
maintained constant. With a decrease in the load resist- 
ance and o ccrreswnding :-crease in the load current, the 
resistance of Rs is m d e  larger, musing a grexer drop 
ocross it; again the constant voltage across the lood i s  

Simple Voltope-Rejilato: Circuit 

- 
I nus? it i s  seer, that tie Y0I:Cqe :e:~!a!or ?S essmtlai- 

i!! I vnl!a?eriiv~o'er circuii. nith the .iii:;.jr̂  $zzp @205S 
i ..Li.. .L --.., ._, .*, c,,r,ri:u 

, .~C>C>,C> iC>..,%", ".,.,"." ...3 -..: ~ ~ > . .  ~ . .  . 
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~ o l t i ~ e  01 tile l m d  current, so tilzt tile voltnqe ncross the 
Inn:! is tlel3 constant. 

I n  1b.e simple .voltage-re~ulator c i r c a t  illustroter! above, 
It  :L ,:::~:r,cc tt.iit m i o b l i  realstunct 3 s  1: vcrled r c r -  
' l o l l j  rc keep t i c  volto?e across the Ion? const:nt. Ir on 
actual  req:;l;:nd power suppII., t k ~ e  control ~ c t l c r i  r eq~ i i ec j  to 
vary t i c  series resistonce, o ld ,  consequert ly ,  to produce 
c correspondin: uanahle .,oltale drop, 1s completely a t o -  
1 3 1 i ~ .  T!IIS bowc principle of vo l t a j e  regdotior. is used 
in the electron-tube, d c  vo l t a l e  ren,u!ato:s to be described 
i n  tk,is sect ion of the hcmdbook. 

.An s l ec t ro r  t ~ o e  .no., be c o n s ~ < e r e i  cs 3 .mriai!e re- 

sis tance.  ');hen the tube ): canduct~r;q, 115 effective re- 
s i s t3nce  1s t i e  ;Iot?-l~-~:atho.i.? v0lt3,:+ , ! : ~ l i ~ r !  !!,? 
plate  current. T i i s  m l c u l ~ t e d  value cf :eslstonce is col- 
1r.i the  d-E resistonce, or Pp, o f  the tube. Tor u 
?Iven applied plate valtoqe, the volae of R, depends on the  
c l r rent  tk.ro?iqb !he tube, whici,  in turn, depends on the  
qrid b m s  31 the !she. ?i:ereforc, ,iorying t'le 7rld b lcs  cp- 
plied to the tube controls t L l ~  m o u n t  of current throcqt. the 
tune and c c u s e s  the d-c pl~!e  resls tgnce,  no, to vary 3c- 
cr?rd!nrjly. 

The acconpunying ~l lustrct ion shows a triode used as 
3 vc~rlable res is tance in a s l n p l e  voltoge-requlotor clrcuit. 

INPUT FROM 
RECTIFIER 

A N D  FILTER 
CIRCUIT (LOAD1 - - 

Simple Voltoge-Regulator Circuit Using Triode Electron 
Tube 

The  4-c r h t e  re;:ls:nnce, ii,, of the se r i e s  relulotor 
tube, V1, 1s e::t~Sllsr,ed bj. the qrld b ias  of the t h e .  2.e 
nctuol q r ~ d  bias, e,, i s  the qri!-to-cotk.ode voltaae; i t  
equa l s  E2 - E l .  Potentiometer i.2 i s  plcced across  E,, 
to provide o vxiob le  source of grid voltaqe. It i s  ocjusted 
until the ?rid t l o s  1s the  val,>e thzt will ollow 'dl to mn- 
duct the exact ~ 3 1 u e  rii !mi curient r e l ~ i r e d  to produce the 
Jesired \ ~ ~ I u c .  of voIt3;e E l  oc ros i  lo3d res I s tmce  i.1.. 
'1't.1s, a,:]ustrnent of tne bins al ters  the P, of :'I tc cont :~l  
t h e  current throiqh fte tube, the valtoqe ?rap ncrcis t',r 
tube, on?, ti.e!eiaie, 15" < . o l t ~ : t  OCTOSS the lood. :bns~:er 
tb.e condltlori ,wk.ere voltcge El t r ies  to increuse, l g e  either 
to on increase ir tlle supply voltoge, or t o  cln i n c r e x e  In 
the load resistcnce. As E l  qoes nore  jositi , ie,  e, i s  l o d e  
more neqa:i,<e (e, = E: - E l ) ,  the con?un lon  cf the t h e  is 
reSuced, t i e  ,ioltoqe 6rap o:ross t b . ~  lube  i s  increase?, 
c n l  tile v o i r o e  ccross the low: 1s kept corstont. Can- 
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~ c r . , t l y ,  !f volta7e E l  tends t o  l ec rense ,  due either to u 
: icrnose i n  tlle suppl,! ;.o!taqe or to a decrease in the load 

ii;l;torce, t., Lecames l e s s  ne7ctlvc. T h s  co'lses 3r hn- 
rrr.;;e 1- tble cmdcct!vit~y of t i le  tcoe, o decrease i n  i t s  
r.,, a cor ressord~nn  l ec reose  i r  t t e  v o l t q e  drop 3crc;s tile 
t j h s ;  q u i r  1% ~ o ! t q e  oc;css tile !ac? 1s mointxred con- 
c t m t .  i?, 3 praserly<e;i;ned rel8:lf or c l rc~i! ,  !be volloqe 
crl3nl? whci- ccc:rs ac ross  t h e  se:ies r equ l~ to :  t h e  i t  
c rp ro r inc te ly  e:;;l to the vc l t lge  cha rge  *ii.lcb. 3ppears 
ncross thp cczbincd resis tonce of tLle reqillxor tube 3nd 
t i ' e  1003; tt.us t h c  .Vol!oje ncross thc loo? renains  cons tox .  

Slnci- the s n i l e i  rtqulatar ?T: no! be su!ficiently 
sensitive tc small voltoqe chanqes, the outpu! voltage o! the 
s in ,yle  voltnge r e j u l n o r  Toy not Se i je i4  33solcte!y COP- 

stont. ?t.erefore, ,where t'ls requlotion nus t  be he12 to a 
s o c l i  percents;", c:i?lt:cfirl on~p!iiicctior 711SI b e  ~ S C ?  to 
increase the sensiti.:~ty of t i e  :e:11!3101 :irc>it. 

Regulated Power Supplisl. A c c ~ p ! e t e  re,'lloted power 
supply cons l s t s  of o power soLice, n tronsfoiner, rectifier, 
o r l  i ikcr  c ~ r c , ~ i t ,  3nd o 2-c re-iulator c i r a i t .  7t.e d-c re- 
7 , ~ I o t o r  clrcult may, i n  :urr, be scb,?ivi6ci  into Iollr parts: 
se r i e s  re2ulator electron tuSe(s1, 3-c a,r.plifier, v o l t o ~ e -  
comparison circuit, ond reference-vol:zqe circuit. The d-c 
m ? l i i l e r ,  t i e  volraqe-compa:isn~. circuit,  cn3 the reference- 
voltnqe circuit ore considered is one complete iunc:~onal 
circuit,  qenerally referred !o 3s the regulator-omplifisr cil- 
cuit of the e l e c t i o n ~ c  voltoqereqi;lale! power supply. The 
desiqn o! the  requlotor-amplifier a r c u i t  depencs primarily 
upan the degree o f  voltage requlation ?eslred, and i s  relo- 
tively indep-ndent of the l a d  current to be supplied. The 
mojority o f  regulated power suppl ies  which ore used to pro- 
vide plote and screen potentials ior ~ l e c t r o n i c  equipments 
provi ie  on output valtaqe of 159. 250. or 300 volts, cc, 
.#lth ei:b,er o pcs i t iv tou tpu t  or a neqativeoutput polarity. 
A typical electronic voltage-regulated power supply i s  
shown in the acconponyinq block diagram. 

REGULATED 
OUTPUT 

C 
TO LOAD 

VOLTAGE- 
COMPARISION 

A M P L I F I E R  CIRCUIT 

t 
VOLTAGE 

Block Diagram of Electronic Voltage-Regulated Pore!  

~ U P P I Y  

The se r i e s  regulator tube, so3et lmes cclled t5e se r i e s  
control tube, used in the electror lc  v o l t o ~ e  requlnor 15 

generally one of three P O S S I S ! ~  C I ~ C ~ , !  c o n t i q ~ ~ a t i o n s :  o 
triode-connected benm power tuhe, such 39 t5n type 6L6 
cr 6Y6; .; law-mc, ? i lk -mn- ! ,~a ion  tr!o+ t h e ,  suzh os the  
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type 6AS7 or 6080: or a bmm w e r  tube, such a s  the type 
6L6, operated with o separate scree1 supply. The iirst 
two configurations mentioned ore in common use. The third 
configuration has the disadvantage of requiring o separate 
power supply for the screen potential; for this rwson its 
use is somewhol limited. 

The tr~ode-connected beam power t b e  used a s  o serles 
~ ~ ~ l ~ t o i  tube LGS k,ig?,er qir, cL~zc1e:istics ?n? prnv!dec 
a greater useiui percentage of rated copociiy ittan do the 
other circuit cmiigurarions: iz cdditio~, the triode-mnnm- 
ed barn power tube requires a lower platevoltage swing cf 
the associated d-c umplifier. n e  low-mu, high-conduction 
triode offers the advmroge of a low d-c plate resistonce; 
the low-mu triode i s  frequently used where minimum power 
loss in the rqulalor circuit is an imponont ccns~dernicn. 
, . , , , . . , 

157p 7nw-p t;lhF niP;:IPC ',v::̂  3 SeLII-U:e a;iec!: > .... . - u-r 

ply has the odvontaqes oi a high gain ch~rocteristic, o low 
p l a e  resistance, md n g~nero!!~ higher pl,ate dissipation 
.L ,,,a-, the first vao confi~:a!:ons mentlogPr nbove, bur i t  
doe, iIUVC 2 a>~*$cn;~;e ;?~ :!,Z: : %C"".".O ?-. - .- " 2-. --.,.,,, - -. . . -. ~ ! t . ~ , ~ , ~  .-y. 

supp;y ,> req&iL*d. 
Regulatoramplifier circuits generally fall into one of 

several circuit configurations: single pentode, twin-tride 
cascode, twin-triode cascade, twin-triode a?d pentode with 
balanced input, and pentode ond twin-triode with halanced - 
output. t o r  each oi inese reguiator-amplifier circuit can- 
iigu;ations, there are bosii ciiiui: vCri3'ions w?,icmesu!! 
in difierent refermcevoltcge poiorities, different connection 
points for the amplifier plote-load resistor (s), vorious met- 
hods used to obtain voltage comparison, md in the case of 
: pcz!x!e d-c am"iiiei. ucrtnus qnnnection points for the 
sc;een.':opp,ny iejisrii. l;:~" end ?!he! t u ~ i z c i  . . ;i;r.t 
vnr:aaons will be discussed in connection with the ,mrious 
ripes of eiecironic .voltzge-:eo,:::;: c;::-~r.:. ies'::l>c: :- 

this section of the h5,domk. 

D-C REGULATOR USING PENTODE AMPLIFIER. 

APPLICATION. 
The 6-c regulator with series tube, pentode mnpililer, 
iitib-;ut~ i . ~ k i g i  re!î :nncc is us& in rennin e!~nmnic  

e ~ i ~ ~ e ~ ~ :  wse:-sup31y clr&i!i ti n5tilq nm:!,? - ~ S a n t  . ,~ 
311tpu1 ~:oL~0ge,~,. 

CHARACTERISTICS. 
nquioiea uuirui ,,u:;jlje ;; 1;:: i; :;z!; x;e!zz!, 

. . . .'- -- ------- .- '" .,,,. .,,, ::,,,... ,.,i - !  ;.-,; ;; ;; !,-,-I -", , ,  ,,,"" .,.. "-- ... ~. . .. . , .~ - .- . 
- l l r r r i , l  occur. 

~ ~ . . ' JC.:;rn~jiviiei  z;i;ziple e-;a:2:.52, ;;:I.; rcxc;? me 
%st--ce (eisar?? r u e )  ?n series *.iiir ieaij:;;.~?; 

-,:a. . ~ ~ .!o,-~;c; : ; ;>,p  EC; Lp c !:jsde, c !::cde-c~~nect~': 
I , . ~ - . ~  :,, r ,  L " : . . z . . . .. ~ ~ . . . 

S C F  ?enlo+ ~ : : , > l i f i ~ ~  circ-it t? i^r:ril r : I :eC e!z!lo" 

"I". 

' 1 -  - -"".. . . . - , I  .,.. .',".'+ 0: rp!.rpnce.,niro.le ,,e> .-t. .u,...... .. 
ZSjrrC-C. 

. vu,iG;,G<, . ;fi >=cc ciy:.z! 2crzi!z ; ~ ~ i ! i \ ? ~  h in te  cnA 
screen) or nqat ive  (biasj supply voitages to be reqalned. 
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CIRCUIT ANALYSIS. 
General. The d-c regulator with triode series tube, 

sinoleoentode molifier. and aas-tube voltoae reference is > .  

capable of providing very stable output-volta& regulation. 
The hioh mplificotion obtained from the pentode amplifier . . 
r t q e  enables the circuit to have good sensitivity to small 
output-voltage variations. In INS type of voltage regulator, 
rqu la t~on  i s  accomplished by allowing the cathdetwplate 
resistmce nf on electron tube, in series with the output o! 
a wwer su~o lv ,  to function os a varioble resistance, and .. . .  
this provide the voltage drop necessary to cornpensite for 
any chonue in output voltaue. Voltaue rmulation which is 
beiter than 1 percent can be obtained withthis type of re- 
gulator, depending upon circuit design. 

Typical regulated output voltages obtained with this 
- - - . . I -+ - .  .-.. -.-.-. -'.-,:+ mp -- 1W ..~, 2 9  , C P ~  700 ""its_ dc. 

Circuit Operotion. A typlcai voitage reguimor Circui 
using a pmtode umplifier m~d gos-tube i.ol:zge :e!ere:ce 12 

~:lilstiated in the accompanying clrcuit schematic. Electron 
::I>; I.:.'! i s  o Win t:io?r used cs !he series rqulnor  tube: 
V2 i s  a pentode used a s  a d s  amplifier; V3 i s  a coldsoth- 
ode, qas-filled regulator tube used to provide o reference 
voltage for operotion o! the regdatorumplifier circuit. Re- 
sistors R l  and R2 are voItagedropping resistors mnnectd  
In  series with r wulator tube V3 across ;he ism: circuit. 
in  addition, they function a s  a voltage divider to provide 
d s  wtentioi ior the screen mid of V2. C1, connected in 
parollel with regulator tube ~ 3 ,  i s  a bypass copocitor which 
provides a low-impedance path at the power-supply ripple 
frequency (usually 120 cps), to reduce the possibility of 
degeneration in the cathode circuit of V2. 

Treical VoIloge Regulator Circuit Using Pentode Amplifier 
ond Gas-iub. Yelicui BeAies i i  
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l h e  value of capacitor C1 is usually a compromise be- 
tween a value which offers law impedance to the power- 
supply ripple f r q e n q  (usually 120 cyclesi and a value 
which i s  rot so large a s  to affect normal operation of the 
regulator tube, V3. Capacitor C2 couples the full value of 
rioole voltaae from the outout of the reaulator circuit; if C2 . . 
were not us& only a portion of the ripple voltage would be 
op~ l i ed  to the mid of V2, a s  determined by the v o l t a ~ e  
diiider oction of R9, R ~ O ,  and R11. The value of this 
capacitor is chosen to be just large enough to pnvide satis- 
factory ripple suppression. If the value of C2 is made too 
large, the response time of the regulator cirmit to norm01 d-c 
output-voltoge variations will be affected; a value of from 
0.01 to 0.1 ,ul i s  typical in most regulmaamplifier circuits. 
Capacitor C3 is connected across the output terminals to 
lower the output impedance of the regulator circuit; the 
value of this capacitor depends upon circuit desiqn, but is 
usually 2 pf or lager. ~ e s i s t o r  R3 i s  the plate-fwd resis- 
tor for the pentode amplifier. V2. Resistors R4 and R5, in 
the grid circuits of V1, me parasitic oscillation suppressors; 
they are of equal value, generally between 270 and 1WO 
ohms. Resistors R6 ondfn ,  in the mthode circuits of V1, 
are included for the purpose of equalizing the current flow 
in the parallel triode sections; these equalizing resistors 
ore of equol value, generally between 10 and 47 ohms, d e  
pendina uwn circuit desian. Resisfor RB, in the control- 
grid circuit of V2, is a pa~asitic oscillation suppressor. 
Resistors R9, RlO ,and R11 form a voltoqe divider across 
the output of the regulator circuit, and are in prallel  with 
the resistance of the load; resistor R10 is adjustable, and 
i s  used to set the outout voltme to thedesired value the 
circuit is to maintain. 

Electron tubes V1 and V2 ore indirmly heated, coth- 
ode-type tubes; Vl normally has o high he&-twathode 
voltage rating, whlle V2 has a heater-twthode v~ltoge 
rating which is typical for receiving-type tubes. Because of 
the heoter-to-cathode brwkdown voltage limitations imposed 
by the tubes themselves, it is usuallynffessary to isolate 
the filament circuits from each other and to supply the fila- 
ment (heater) voltages from independent sources. 

When the unregulated voltage, El,, i s  first applied to 
the input of the regulator circuit, voltage i s  applied to r e  
gulator tube V3 through resistms R1 and R2, in series; V3 
ionizes and begins to conduct, thus establishing a reference 
voltage at thecathode of V2. Tne action which o m s  i s  
the same a s  that previously described under Go'-Tub. 
R.pulotor Circuit, in Section 5, P a n  A, of the handbook. 
The voltaqe divider formed by resistors R l  and R2 es- 
!cblis+es !he vo:tqe ~ p p l l e i  13 : l e  screen qr1.i of '12. Re- 
:31?1?~s cf rre ,c:uc ct c z  v d t g e  ~ p l i d  tc trein?ut ot 
the regulator circuit, the voltage kt the cathode of V2 will 
be heidconstant by the oction of V3 for use a s  o reference 
voltoqe; however, the voltage at the screen grid of V2 i s  
subject to change if the input voltage changes. This 
screen-circuit configuration increases the gain of the arnpli- 
fier stage and also the regulatorwplifier sensitivity to 
either input or output voltaqe chanqes. 

As previously mentioned, this regulator circuit is based 
upon the voltage-divider principle of using a variable re- 
sistance in the form of electron tube V1 in series with the 
Load resistmce. ' h e  regulated output voltage, eon,, u p  
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pears across the voltage divider formed by series resistors 
R9. R10, and Rl l ,  which me connected ocross the output 
of the regulator circuit and in parallel with the load. The 
total resistance of these series resistors in parallel with 
the Iwd resistance constitutes one part of the resistance 
in the series voltagedivider arrangement, which includes 
the variablecathodetoplate resistance of V1; the currents 
which ooss throuah the porallel branches (series resistors 
and loid resistan&) mibine, and this to td  current passes 
through the series rwuiatar tube, V1. When the cathode-to- 
plate~resistonce of ~i is  controlled to v a v  the voltage drop 
across V1, the output voltage developed across the l w d  
can be regulated and maintained at aconstant value. 

The voltage appearing ot the plate of V2 i s  dropped 
from theinput to the requlotor circuit through plate-load 
resistor R3 and is applied to the control grids of V1. The 
amount of current through R3 and the resultins value of 
voltage at the plate of ~2 ate determined by the bias on the 
control orid of V2. The voltoqe applied to the qrid of V2 
is obtained from the voltage divider circuit composed of 
R9. R10, and R11; the exact volue of voltage applied to the 
grid of V2 i s  determined by the setting of R10. Since the 
potential at the mthode of V2 is maintained at a constant 
Dosltive value bv the action of reaulator tube V3, odiust- 
A l e  resistor Rl0 is set to the point where the bias &lied 
to the grid of V2 permits o predetermined value of cunent 
to be drown by V2. When V2 i s  conducting, the voltage 
drop through plateload resistor R3 develops a voltaqe at 
the grid of V1 which i s  less than either the plme or cathode 
voltage of Vl: the difference in voltage between the cath- 
ode of V1 and the plate of V2 i s  the operating bias for V1. 
Thus, the setring of resistor R10 determines the current 
throuqh V2, establishes the bios for V1, and initially deter- 
mines the effective internal resistance of V1 to obtmn the 
desired output voltaqe from the rwulator cirait .  

~ s s u m e t h a t  the ;egulated output voltage, E.,t, attempts 
to increase, either because of an increase in the input 
voltage to the regulator circuit or bemuse of a decrease in 
the load current. Through thevoltagPdivider action of r e  
sistors R9, R10, and R11, a slightly higher positive voltage 
now appears across R10 and R11. This results in an in- 
crease in the wsitive voltaae aoolied to the arid of V2 and > .. 
a corresponding decrease in the bias voltage between the 
cathode and arid. (The cathode voltaae of V2 remains m- 
stant because of thk action of regdatir tube V3.) As a 
result of the decreased bios. V2 now conducts more current. 
and thi: additional current fiow through plate-load resistor 
R3 results in o greater voltage drop across F13; thus, the 
voltoqe at the plate of V2 decreases and muses the dif- 
ference in voltaae between the cathode of V1 and the plate 
of V2 to increase. Tnis difference in voltage between the 
cathode of V1 and the plate of V2 i s  the operating bios fa 
V1; thus, a s  a result of this voltage increase, the effective 
intern1 resistance of V1 increases. When the internal r e  
sistance of V1 increases, less l a d  current flows though 
V1, the voltage drop across V1 increases, and the output 
voltage of the regulator circuit decreases to i ts oriqlnal 
d u e .  

An onion similm to that just described o c w s  when 
the regulated output voltage, E..t, attempts to decrease. 
Through the voltage-divider action of resistors R9, R10, 
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and R11, the bias voltage between the co thde  and grid of 
V2 i s  increased, since a slightly lower positive potential 
now exists across R10 and R11. As a result of the in- 
creased bias, VZ now mnducts less current, and this d e  
creased current flow thouqh platelood resistor R3 couses 
a smaller voltage drop to lccm a c ~ o s s  R3; thus, the volt- 
age oi the plate of V2 increases and causes the difference 
in voitme between rhecorhode ui V 1  uod tk~e do:e ;f 1'2 :0 

a s  o result of ;his voltage decrease, the effective internal 
resistmce of V l  decreases. 'Wen the internal resistance 
of Vl decreases, more load cunent flows :hrough '$1, the 
voltage drop across Vl decreases, md the output voltage 
of the rqulator circuit inneases to its originoi value. 

n~ -- .---. --. " ." ," ,,,< uL, ;eaL.:bd i.. .:.e ?r%-?4!0~ p7roq:,-ns ,??P 

prqcticaiiy instantaneous: consequently, the output voltage 
(E,,,) remains practically constant. Since oll of the Iood 
cunent must pass throush the series iwdator t;;Oe, '!I, the 
:ube(s) must be capo~ie  oi passing considerhie curuiieat. 
In some n r c u t  appi:mtions wnere the iwd current recii;;.- 
rnants e x c d  the capabilities of osinqle tube, two or more 
identical tubes ore c o m m e d  in parallel (as the sections 
of twin-triode V1 have been pur~lleledl in order to obtain 
suitable regulation characteristics and cunenthandlinq 
caoabilitv. 

'The output of the regulator circuit is coupled to the 
arid of the pentode amplifia tube. V2, thoush couplinq 
capacitor ~ 2 .  Any ripple component presen<in !hi oulput 
voltaqe i s  amplified by V2, and, since the circuit i s  basic- 
..!!,, .. .;iy,<i;-- <--JI--L 4 . - . . i r  +h. ,innlo rnrnM"*"I i s  -., .._y___,c i_%.Yln b.."-.. ..__._ ...~~_. ~~ . . 
suppressed. Also, since tne screeil-grid vokcge !or V2 is 
obtained from the unregulated input voltage lo the regulator 
circlut, the sensitivity of the wpiifier to voltage inanqes 
:s increased. As a result, the regulator nrcuit i s  sensitive 
to my voltage chaages and i s  very effective in iemoving 
any fundmentol ripplefrequency component which i s  p r e  
sent in the ?inrquime? voitwe supplied Lo the inpvr of tne 
regulotor circuit. 

As previously mentioned in this section, there are sev- 
eral circuit vmiarions possit:e hi :hi- sirie; ;cp-'Zc: !&e, 
V l .  These voriotions in the series regulator cirmit include 
the use of o triode (a twm-triode is shown in ihe sctieiilutic), 
3 tciodecunnectei pe:jtilde, =-,;id ; pen:>de with Repara!. 
screen-voltoge supply. Also, there are several variations 
in the regulatorampitita c ~ r c u r  whlcii u e  iuuu~wdy 
;z;ic;.!,j :n eiprrrunir ?.,-..: , .- , ~ i i. c*-..i;;, :nP -C---- 

.:;it :.s!!qe fn: VL mny re ~ D i n l n ~ t i  lwouqn a SeWrti15 
1 :-- .",.."*... <..- .he ",.,,,,.+P ,.,, C,,i, V i .  a-,cc,> -.>?+...,. . ~~ ~- - - ~  ~~~ 

:.̂I ^ n . T  
. . ,,,,,. , ,, y:wwp.d ,x. .'he _i:?e?e; :es:sronce inrrom ny resls- 

-2 r.3.- --2 ~ 7 ; -  .i;. ;, <bwn j n  r.7rt A :hp CC:9m. ~,., .,A., .., . . .~ 
pnylng iilustioiio,n. Li ;;me ;uses :be >.:ce!: ;r'::;i i: :5 
!-i& ! : c ~  n sepnrae m?ijloted-voltoqe source. Anther 
-'.-2i! ursinicz, shoiur !n pan Bof the l i l~~t lot ion,  IS Con- -..- 
nectiori of the plate-bod iesisto:, F3, to the ca5ode :!r- 
cult of V! instead 01 to the plate circuit (3s showti i n  the 
schemat!cj; in inis cuse, i i i e v i r l i ~ q t  6;;; ?rvc!7?:$- oC:oCE 
platelood resistor 33 IS the bias voltcqe for Vi. St111 

iiinii' L -----:-- I~IYLIYI, la .- -h*-'-'-- WILY l h m  . .. ijnltcna > .  Lni ~~~ "erg- .~-- - L  ,-A. .,.k- '.:? ,;,,,~ ,,,,7 \, ,7 :,<I> :e:;,-; : er.s <zr . .  , . " . . - , 

;,-,i;;&<i..: :: : L ~ ~ ~ " < ~  (.(lrOi' r i :  :;:. A,:  dke :~ ,~ :? .~  
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Typic*! Rcpulotm-Amp1ili.r Circsitr (Shoring Variatiaarl 

zetho.' of obtai~i?q the reference voltoge (See pmt C) is 
fo nmund thecoltode of V2 and connect resistor P I 1  of 
the voltage divider (FB. RlG, and R i l l  to a regulated nega- 
!i:.e:.-l!c:? s c z c e  lilthnugh tllere are manv minor vario- .:--. ;- . , .  , .i;n :mc!a?o:-%p!i!ie drcli! mnfigt>ration$ the 

>-<is; :: :k- :y~!ot?r c:r%lt rPmn!ns the snme; that is. .- .; -.   ply o rq: ; lmed output voi~o?e to the loo6 which is 

.;.deFendeo: o! vz:S:ors In npin vcltaqe or crlonqes lii 

I ~ o d  current. 

FAILURE ANALYSIS. 
G.n.ral. :>c voiiaqe-rq~lmor clrcuir inc l ,~ t i~ r  srrnu: 

parrs which ore lathei mciiiicai an6 directly o!fe oper~ticr: 
of the regulator circuit. For this reason, resistors FB, R10, 
rind R I  1: ond perhaps resistors R1 and R2, are normally 
ciose-tolerance resistors kith good temperatze stability 
cnorocteristics. Ii :or any i m s n  these paticc!m resinors 
.-",,id chf,rqp ,., .,~i,ie. the ~9eini;n o! :he c:rc,A! wi!! oe 
..s"",,d . . . . -. . . . 
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Since the regulator circuit attemps to hold the output 
voltnqe constant, it i s  usuolly gwd practice lo determine 
whether the l w d  current i s  within tolerance before suspect- 
ing trouble within the regulator circuit. A iwdsurrent 
measurement may be made by inserting o milliammeter 
(having a suitable ronge) in series with the output of the 
regulator circuit. Also, a voltage measurement should be 
mode at the input to the regulator circuit to deternine 
whether the unregulated voltage output from the power sup- 
ply (and filter circuit) i s  within tolerance. 

No Output. In the voltogeregulator circuit using o pent- 
cde amplifier, the nwutput condition i s  likely to be 
limited to one of the following possible causes: the lack 
of filament voltage applied to series regulator tube V1, the 
lock of applied d- voltage (from the associated power sup- 
ply and filter circuit), or o shorted lood circuit (including 
output capacitor (3). 

A visual check of the glass~nvelope series-regulator 
tube, V1, should be made to determine whether the fila- 
ment(~) i s  lit; if the filament i s  not lit, it may be open or 
the filament voltoae mov not be aoolied. ?he tube filament - .  . . 
should be checked for continuity; also, the presence of volt- 
age at the tube socket should be determined bv measure 
ment. 

The d c  voltage applied to the requlator circuit should 
be measured at the input (plote of V1) to determine whether 
it is present and of the correct value, since the lock of in- 
put voltoge from the associated power supply and filter cir- 
cuit couses o lock of output voltage. 

With the d c  voltage removed from theinput to the cir- 
cuit, resistance measurements can be made ocross the lood 
(resistors R9. RlO, and R111 to determine whether the lood 
circuit, including capacitor C3, i s  shorted. (The resistance 
measured m o s s  the l a d  circuit will normally measure 
something less than the total value of series resistors R9, 
RIO, and R11, depending upon the load circuit design.) 

Hiph Output. The highautpin condition i s  usually 
coused by a decrease in operating bias for the series re- 
gulator tube, V1, which, in turn, causes the tube to de- 
crease i ts internal resistonce and permits the regulotor out- 
put voltoge to rise above normal; therefore, any defects in 
the regulator-amplifier circuit which con couse a decrease 
in the operating bias for V1 are to be suspected. 

Voltage measurements should be made at the socket of 
V1 to determine whether bias (cathode-twrid) i s  present. 
The series regulotor tube, V1, may be checked bysubstit- 
ution of a known gwd tube to determine whether the tube 
i s  defective (grid-to-cathode short, etc). 

A visual check of the gas-filled regulator tube, V3, 
which provides a reference voltage for operation of the r e  
gulatoramplifier circuit, should be made to determine 
whether the tube i s  conducting. A voltage measuremwt 
mode between the plate and cathode of V3 will determine 
whether sufficient voltage i s  present at the tube to cause 
conduction. If the voltage i s  above normal, the tube moy 
be defective; a tube known to be gwd may be substituted 
to check for proper operation of the circuit. If the voltoge 
measured across V3 is below normal, it i s  likely that r e  
sistor R l  or R2 i s  open or possibly the d-c amplifier tube, 
V2, i s  not conducting. 
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A visuol check of amplifier tube V2 should be made to 
determine whether the filament is lit; if the filament i s  not 
111, it may be open or the filament voltage may not be ap- 
plied. The tube filament should be checked for continuity; 
olso, the presence of voltaqe at the tube socket should be 
determined by measurement: The grid voltoge applied to 
V2 should be measured to determine whether the tube i s  
improperly biased and causing the operating bias on V1 to 
decrease. Assuming that V3 i s  conductinq normally to 
provide o reference voltage, if the voltage-at the grid of V2 
i s  below normal, i s  i s  possible thm resistors R9 and Fill 
have changed in value or that resistor R10 i s  not set proper- 
ly; however, if no voltage i s  present ot the wid of V2, the 
tube will be biased to cutoff and V1 will conduct heavily 
a s  o result of decreased operating bios. In this case, it is 
likely that either resistor R9 or a ponion of RlO (connected 
to R9) i s  open. If amplifier tube V2 has lowemission, the 
voltage drop across plme-load resistor R3 will be below 
normol: therefore, o known gmd tube should be substituted 
and operation of the circuit observed to determine whether 
V2 i s  the cause of the trouble. 

Low Ou~put. 'Il lhe low-output condition i s  usually cous- 
ed by on increase in operating bias for the series regulator 
tube, Vl, which, in turn, couses the tube to incrmse its 
internal resistanc and permits the requlotor output voltage 
to fall below nor,. therefore, any defects in the regulator- 
amplifier circuit w. con cause an increase in the opera- 
ting bias far V1 are L ,e suspected. 

In the twin-triode series regulator tube, trouble in one 
section (such as low cathode emission or an open tube ele- 
ment) will cause a reduction in output. The tube moy be 
checked bv substitution of o known umd tube to determine 
whether the tube i s  defective. ~olt'ge measurements 
should be made at thesocket of V1 to determine whether 
the bias (cathode-toqrid) i s  excessive. The equalizing 
resistors, ffi and R7, in the cathode circuits of V1 should 
be measured to determine that neither one i s  open, that 
they have not increased in value, and that they are of qua1 
resistance. 

A visual check of the gos-filled regulator tube, V3, 
which provides a reference voltage foroperotion of the re- 
gulator-amplifier circuit, should be made to determine that 
the tube i s  conducting. A voltage measurement mode be- 
tween the plote and cathode of V3 will determine whether 
sufficient voltage i s  present at the tube to cause conduct- 
ion. If the valtage measured m o s s  V3 i s  below normol, 
or if no voltage i s  present, it i s  likely that capacitor C1 i s  
either leaky or shorted. 

The grid voltage applied to V2 should be measured to 
determine whether the tube i s  improperly biased, thus 
causing the operating bias on V1 to increase. Assuming 
that V3 is conducting normoily to provide a reference volt- 
age, if thevaltoqe at the qrid of V2 i s  above normol, it i s  
poss~ble that resistors R9 and R11 have changed in volue 
or thot resistor R10 i s  not set properly; however, if o high 
voltoge i s  present at the grid of V2, the tube will conduct 
heavily and Vl will conduct less a s  o result of an increase 
in operating bios. In this case, it i s  likely thot coupling 
capacitor C2 i s  either lwky or shorted, or that either r e  
sistor R11 or a portion of R10 (connected to R i i )  i s  open. 
Also, if amplifier tube V2 i s  shorted md conducting heovi- 
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ly, the voltage drop ocross plate-load resistor R3 will b e  
excessive;  therefcre, a known g m d  tube should b e  sub- 
stituted and operation of the circuit observed to determine 
whether V2 i s  the cause of trouble. 

As mentioned previously, excessive lood current con 
cause  the output voltage to be low, especially if the lood 
rtirrent exceeds the moxlmum ratinq of ser ies  reguldar  
tube V l  (resulting in excessive voltage drop across  V1) or 
if the load current exceeds the rating of the power supply 
(resulting in a d e n e a s e  in t h e  applied voltage). For these 
reasons, output capacitor C3 should be checked t o  deter- 
mine whether it i s  satisfactory; a leaky output capacitor 
could result in  reduced outpat voltoae. nlthouah the rwu- . . '-.-- --..t:i:-. . ; . - . . : r  -n.. I,.nrt,nninn n n r m n t l "  i.,, i c  l"i.i. "..." ....L, _ _  

7~~~ . 
unable to compensote for the decrease in output. 

Poor Regulation Choroctsristics. \ioltage instability. 
slow rpsponse, erc; are frequently cadsed by weak or an- 
:-,,: ,..,, -.I  i r ; , - ~  ,>= X L L , ~ , , ~  . -  , ,  - >e..=., .;--. ,c.,-.-.". -,,I-,,., !TI . ., . , , . ~ - ~ l , . ~ ~ ~ , a  u...v.v..--.. 

cuthod. resistors R6 q n d  R7, ar a defective dc amplifier. 
V2. The gain of the d-c amplifier s tage i s  determined pri- 
marily by mpl i f l e r  tube '$2 and i t s  applied voltages; t h e r e  
fore, t h e  condition of V2 and i t s  applied voltages are im- 
portant factors governing sot~sfactory operotion of the reg))- 
iotor circuit. 

\ 
pi D S  REGULATOR USING CASCODE TWIN.TRIODE 

AMPLIFIER. 

APPLICATION. 
The d s  r e ~ ~ l a t o r  using a cascode twm-trlode arrtpiifler 

1s employed in certain eLectronic equipment pawer s u ~ p i y  
c;rc ,~i ts  t o  obtolr nearly constont output voltage (or volt- 
aqes]  drspl te  voriaticns o f  i n w t  ,voltage or output load 
current. 

CHARACTERISTICS. 
Regtlaled ooutput v o ~ t a g e  to lood i s  nearly constant, 

even though changes in Input voilage or chanqrs  i l l  lw.? 
mirent  occur. 

Vaitoqetilv~der principle emplovrd, ilslnt7 variable 
resistance \electron t u ~ r j  !:I aeries ~ r i t i i  1-li icslatui,ir., 
ser ies  e lecuon tube may be a triode, a tiicdesonnected 
aentade. or a oentode with separate screen-voltage 

r y t r w  SeIlrs CICCi ld , ,  iyLt ._  

Uses qas-tube requiaior circuit as r e i r r e n c ~ v o k ~ g e  
SDUICi-. 

Vaiiatlon in basic circult permits FGSltl'4e i p t a ~ e  mo 
-- .--- -. -e"-...s- :b:.:?; "G:iYir ;; ;C;":̂:̂:. "", .. -.., -. . . - 3... . . , 
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m p j t  ,voItaq~ or the load current. Tne variation in a u t w t  
voltage h o t  norn:olly result from component aging, 
c h m q e s  ir operational environment, etc, ore usually * 
considered in the design of h e  c l r c u ~ t ,  and ore compensated 
for ty  u smq  close-to!eronce ion the crder of I ,  2, or 5 
perctr t i  ccnponents whose values do no deviate from the 
rT G:- .,,.., . - -1 Cy ,Tare !'ion !he strict ilmlrs sprciiit.6. 

In thls type c l  voltoge requiotor, !eguiat~an i s  
xcc;;!lsi.ed by allowing the cothade-to-plate conduction 
ies ls tance ,of m electron tube, i n  ser les  w ~ t h  the o u t p t  
~f i pcwer supply, to hnct lon 3s  a variable res is tance,  
;;: +,as prcvide the voltay= drop cecessory to compensate 
ic: an;. ci.a.:e in output voltuqe. Tnot I S ,  the change i n  
-,:1781 vnitm- 1s -ompored and u m p l ~ f ~ r d  i n  the regulator- 
mpl l i l e r  clrcult, on2 appile'J us u bi ia vuLtugt t i  the ;;;? 
ii ti,v =rr;is i i p l c t a :  k b e ,  thereb) 'vnnjlng t t , ~  conduction 
reslstonce o! ti::; t ~ k .  The vorjln;  ;on;uctlon reslstorlcr 
-' .Ln . a - . in t^r  ,,,he , -  t, - .., .,. ..,u.v.-. ."--, ... .!n, v ~ r l e s  :he locd current 
drown by ine ser les  clrcult and the voltage drop ocross 
:he regulator tube; In s o  doing, the regulator tube absorbs 
the change i n  the output voltoge. Voltage regulation of 
cpprox:motely I peicent con be abtmnrd wlih this type of 
eiectionlc d-c regulctor, depending on the circuit design. 

circuit Oporotion. A typlcol d-c regulstzr using J 
cascode twin-triode omplilier i s  illustrated in the 
,li;i::wnylrQ clrcult scher:,otlc. Eiecuun tube Vl is o 
purallel-zonnected twin-triode used a s  the se r i e s  regulator 
tube. (In appllcatians where the current droln exceeds 
t i e  currenthonlllnq capobi l~ty of o single se r i e s  regulator 
!;L;, tho z i  :ore t ~ b c s  of the s a w  t y w  nay  be connecrei  
,n p r a l l t l . )  Electror, tllbe '42 i s  another twin-tnode, in o 

. .  . 
~ ~ - ; i a e  ;-c L~C:I:IUI C ~ I C ~ Z I I  ~ i ' l . f i l i i a t i ~ ~ ,  U S C ~  cs 
rcauiatar nmpl!iler. Tube VS is a cold-catiide, gas- 
i ! l ld  ?.he used to provide a reference volta7e for operation 

~f the r e w l o t c r ~ r p l ~ f ~ e r  ciicuit.  P..e use of the gas- 
fliled reJulutur tube in this ;ppi;cat;or. i s  sotisfactory 
as a relloble reference s m c r  there are no excessive 
currpnts In that branch of the circuit. Electron tubes V l  
an5 V; urc l i , - ~ i i z t l j  L e ~ t e d ,  :cthcde-ripe tubes; V1 
:.;r::.cli; ::;; ; ilih kecter-tcxattmdc voltoje r i t in l ,  while 
;'L kuc a beater-tocarhndr voiroqr rut1n.j ahieh i s  typica! 
:d! rt,~K,b.:l,i-t7*. 1 ~ 5 ~ s .  ??C:;:C c!  1b.e ie3ter-!c~at?.o,c!e 
br*akdonn voltage !~mitatlans inposed by the tubes 
t n r n s e l e s ,  i t  is usuuiiy ntcessar, to i>ujute the 
. .  ,. , -. ...,. . . -. ". . . ,,, .. . . ,,,,: -. ..~ ->::, :>tt,+: 2r,: 1; s;zzl.< <+ ::iG-.T.: 
:-.::r:: .:'!!C:E.S !i"- !!"^PpPn"Pnt s i>UrCes.  

CIRCUIT ANALYSIS. 
G.~~.oI .  Tne d c  regulator wlth twin-tricde ser ies  

re jl.lata: t ~ b e ,  cos i31e  twin-tri>?e ampllfler, m d  30s- 
i j i im voitage reirrence t u k  i s  iop;ble of prov:dinq 
,:cr; rtnbie ?,lrp~:r voitale ie,p:arisrr. %e tern 
":;:Y!~~cz" CE :sen "err n r m s  hr r n u i i l t c r i u t ~ c  oi u 

.L rleorry ionsrur,, ~ i l p k ;  ; r r r r jc  ri2,iir ii.ui .9L- ... 
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D-C Rqulotor Using Corcode Txin-Triode A m ~ l i l i r r  

Resistors R2 and R3, in the grid c i rcui ts  of Vl ,  ore 
parasi t ic  oscillation suppressors; they ore o f  equal value, 
generally between 270 and 10W ohms. Resistors R4 ond 
R5, in the cathode circuits of V1, ore included far the 

. ~ 

value, generally between 10 ond 47 ohms, depending upon 
the circuit design. Resistor R6, connected in ser ies  with 
reference tube V3 across  the output circuit,  serves  t o  opply 
the full output voltage of the regulator to V3, to ensure a 
satisfoctory striking potential and also to oct a s  a 
current-lim~ting resistor once the tube i s  ionized. 
Capacitor C I ,  connected ir, parallel with reference tube 
V3, i s  a bypass capacitor which provides o low- 
impedance path a t  the power-supply ripple f r e q u e n q  
(usually 120 cps) ,  to reduce the possibility o f  degenerot~on 
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In the c ~ t h a d e  circuit of V2B. The value of capocltor C l  
is usually a conpronlse  between 3 v a l ~ e  which offers low 
~r.pedanci '  t c  tne power-supply ripple f l equenq  ond il vals~e 
which is not so l a v e  as to a f fec t  the normal o p r a t i o r  of 
the reference tube, V3. 

Copocltar Ci couples the full value of ripple voltoge 
from the outps~t of the regulator cimmit to the grid of V2B; 
if capocltor C2 were not used, mly a portion of the ripple 
voltage would be oppllrd to the grid of C2E, a s  determined 
by the voltogc-divider octlon of RE. R9, HlO, m d  A l l .  
%.e voiur of capacitor C2 i s  chosen so that i t  i s  just 
lorqe enough to provide satisfactory ripple suppression. 

If the value of capacitor C2 were made toa large, the 
response tlme of t h e  regulator circuit to normal d z  
output-voltage variations would be affected; a value of from 
0.01 to 0.1 micicfarad is typical in  most regulotoramplifier 
c~rcu l t s .  Capacitor C3  i s  connected ocmss  the output 
terminals to lower the output ~ n p e d a n c e  of the regulator 
circult; the value of this capacitor depends upon the cir- 
cuit deslqn, but i s  usually 2 microfarads or larger. Re- 
s is tors  RE, R9, 310,  and R11 form a voltage divider across  
the output of h e  rejulator c i rmi t ,  and ore m porollei with 
the reslstonce of the lood. Resistor R9 is odjustoble, and 
i s  used to s e t  the output voltage to the desired value the 
circuit is to maintain. 

The coscode configurotlon of the regulotorilmplifer 
circuit, V2, can be considered as two triode ompii i~ers  
directly connected (di iectcaupled)  in series. The  oction 
of this circuit i s  slmilor to that of o pentode in that the 
isolating effect of the screen grid on the plate i s  achieved, 
with the odvmtage that no screen-voltage supply i s  required. 
The coscode circuit i s  used when the gain required of the 
regulator amplifier is t w  hiqh for a single triode, yet  i t  is 
desired to eliminate the pentode screen-voltage supply. 
However, in order to achieve adequate gain, the cascode 
circuit requires a large-volue plate-laod resistor (RI ,  a, 
the order of 2.2 megohms); this requirement causes  the 
frequency resFOnse to be reduced and thereby restricts 
the area of appl lcat~on of the circuit. Tile effects  of Door ~. . 
frequency response can be reduced somewhat by uslng o 
relatively larqe-value capocltor (about 5 rnicioforadsi 
far C3. 

The two triodes of the cascode twin-triode regulator 
amplifier ore the input section, which i s  the right-hand 
tube (VZB), and the output section, which i s  the left-hand 
tube (V2A). The cathode of the lnput section is o t  a 
p o s ~ t l v e  potential determined by the reference tube, V3. The 
control qrld of the input section i s  rehirned through resistor 
R7 to the voltoge d iv~der  a t  the juncuon of resistors RlO 
and R l l .  The voltoge a t  the top of reslstor R11 is slightly 
l e s s  p o s ~ t l v e  than the operatlnq potential of reference tube 
V3; hence, o bins voltage of only a few volts is established 
between the control grid and cathode of V2E. ?he plate 
of V2B i s  d~rec t ly  connected to the cathode of the output 
sectlon, V2A. The control grid of V2A is returned to the 
wiper arm of voltoge4iv1der variable resistor R9. 
The value of grid voltage of V2A, a s  determ~ned by the 
setting of resistor R9, i s  of sufhcient amplitude to keep 
the grid of V2E from drawing appreciable grid current. 
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The operating rar,ge of V2A piote voltage, which i s  applied 
t?rouyh plate-load resistor R1, is iar enoufn a b v e  i ts  
qrid vc!tnge so that the current in the grid circuit of V2A 
;aes not approach or become comwrabie wlth t i~e V2A plate 
ccrr?.nt. 

A >  pi5...a..C ..,,-!, ,, mentioned, h e  operouan oi tius isqc!~:a: 

circuit : s  based upon the voltage-divider principie oi 
usinq a var~able resistmce m h e  form oi eiectron tube V1 
in serles wlth the load re s l s t am.  The requloted ouput 
valtaqe, E u t ,  appears across the voltage divider formed 
t y  resistors R?, R9, R10, ond 911, which are connected 
ncrobi the curput oi the reqziator clrcult and in parollel 
,,+it?. tp,r iua,;. T i c  :;:z! rec!ctonre oi these vcitaqediv~der 
resistors in parallel with the ioao reslstancs czi:ti:-te~ 
me port of h e  res:stance in Itl? ie~ju!otor serles uoltaqe- 
~ iv i i e r  mangement, which includes the voriutle cathcJe- 
to-piilte resisti~:e ' ~ i  s e r i c ~  I ~ ~ U ~ O I O T  tube V1. The 
currrot; .<hi:? 2 ~ 5 s  thlouqh the parolle! brunches (voi t~je-  
hwder resistors on3 load resistance) conb~ne, an6 i h ~ s  
13101 current passes tnr~ugh series reylotot tube Vl. 
When the cathode-to-plate reference of Vl is conuoiled lo 
vow the volto7e drop across thls tuke, tt.e o~tput  voltage 
developed ocross the loo4 con be rrg~loted and maintained 
at u cons ta~ :~  ,valtte. 

In order to understmd how the d-c regulator circult 
operates sndcr vorymg-load mnditiozs, it i s  necessary 
to cxumjne iirst the static voltoge dlstritution unaer normal- 

rl 13;; isi?i:io-s. De pathode of series regulator lute V1 
is heid ps i l ive  *,tit respect to ground by h e  output 
vcltuye, Eout, \while the grid 1s held stirnewhat less posittve 
k:v the actlon of ieqlator ampliiler 2:. n , c  l:!ierenc~ 
betweer. these two ,ioltaqes is the bios voltaye for V1, 
u;t;cn 1s ot tne poi;rr valve for serles regulator tube Vi 
!q hove the required omount of cathode-to-plate resistance 
lu pa2,cc the correct output vo:toje. 2 1 e  output vc!tcp 
;r spplied to reierence tube V3 firouqh resistor H6, caucinq 
V? to ionlze cni ccnduct, thereby estobiisnir.~ a reierence 
iiolt2ge at tne cothode a1 &i i n p t  sectinn, V 2 3 ,  oi fhe 
c;icode ieguiot~r arr,pliiier. (The action of the gas-filled 
reierence tube, V3, is t te same a s  hot  pteiiously nescr~bed 
unjer Gos-lure heguiotor Sir--:! earllrr in Section 5 
of this !Handbook.) Regaidless of the vahe of d-c voltc~e 
nppl!ed to the input, Em, oi the ir;.uioiir *=it, the 
:.~!tn;1e tiic zitn:ic GI i'2H ;.,!! te  >el2 ::,fistan! (by 
!t-, gc:i~r, ui 'C :cr c s e  3s c rrelexcncr Y ~ I W L J ~ .  

, -ascnce . ~e?~;m~r~i:.;!.::c: V I ,  L S S ~ C C  I: L~io-st3je 

;urlesFannectt lriz-e a:r.pi!!iei, Lses me piatc lo-; i: 

rnp input semi:. ,  '<:% 2: t:.? c lC~cd? inp::t imoeionce 
$! the output sectmn. V i A .  Tr.,s, h e  ;i,:ic: ts ii;c ?npw 
i;i+ .; :p;iie! wt i c i ;  :LC c?.?tm; > i i i  a d  ,~ro~1~i l .  
iviile the i i ~ t p ~ t  L! !h15 S C Z , ~  s ? J ; ~  is the Input to uir 
$.rectiaupled output s t q e ,  an6 1s uppiie.! Setwee- the - 
z t n n i e  or,: I I O U ~ , ~ .  lnr output SectICr., \/;A, has a tired 
vtiitugc on its ?rid, obtained from od~u~tob i r  ti.s,s:or P9 
;i t h ~  ~voit~qellvider r.etrv?rk. Tn~s bias voltale ilmirs i i ~  

si:c;rsions of  l ie '!iP. caihnae voitqe, cir;ch 1s z!so the - -'-.- FLU,L ...I. .-._._,. --. me ,LC::L::, "ii:. ;?.? 7ri,: <,-,!:a?? 

lur vio is ~si,.,,;: ?L: :~':,-:*-!tvi.?i; i c ~ : s t ~ . i  ?:I. 
Sin;. I.?* pvti;,;;~! s! ~!.e cilfhode of V2B is moiritolnea ut 
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o constant positive value by the action oi referace tube V3. 
the bios on V2B and V2A, a s  determined by valtagedivider 
resistors Hl i  and R9, respect~veiy. i s  such that it permits a 
predetermined value of cinent to be dmwi, by V2. The 
plote voitcge ;f V2A i s  obtoined lrom lSie i;n:e;-l!oted input, 
Em, ond applied tc the regulator amplifier through plate- 
load resistor Hi. When V2 ia ion&c:izq, th.e ~ m l t a ~  drop 
across piate-lmd resistor Hi develops a voltage at th.e 
plate oi V2A; thii ,ioltaqe 1s coupled to t le  grids of V1. 
Tne voltoge at the grids of V1 is less than the voltoge at 
the cuthalies oi Vl; hence, the operatiny bias for is 
established. ?he settin3 oi resistor R9, therefore, 
determines the current throuqlh V2A, estatlishes the bics 
:i; V!, zr.' > n ~ t i o l l ~  determines the eifeciive hternol 
resistance of v i  to obtoiii i;,i ?csi:r< 3u!put u a i ~ u u e ,  Lu:, 
:rom h e  relulator circu?t. 

Assume, now, tho: the regulated mtput voltage, Eout. 

':tirrp:z to incmos~, elther because of on increase In the 
!cp'lt uoltnge, Eln, to Ule regulator clrcu~t or kccdse  u f  u 
Cecrease in h e  load current. Throuq!! l ie  ~olta~e-divider 
acuon of resistors R8, R9. RiO, md R11, a slightly higher 
positive voltnqe now appears across resistors R9, RID, md 
R l i .  Tnis rcsuhs in on lncreose in the positive voltaqe 
appi~ed to Lbe grids ai VZA and VZB, and a corresponding 
&crease in tne bios vaitoqe oi this stage. (The 
cathode voltoge of V2B remains canstant because 01 the 
action of reference tube V3.) As a result of the 
decreased b i ~ s .  V2 now conducts more current, and this 
2?+ tional current flow through plate-load resistor R1 
:is;!:s ::I a Greeter vcitaqe drop across iraistoi O!. 7hl2s. 
me voitqe ut the plate of V2A, wh~ch is ~ o u p i t a  tc b e  
jilos of V1 ,  decrt*scs md cc.ses the diiierence in 
,voltage betw'etn the grids ord cnhoJei of V1 to mcrease. 
Th's d l i i t re~ce in voitage between t ie  jri:; and cathodes 
of VI 1s the operating blos for V1. A s  a resulto! the bias 
voitagr mcreise, t';e ei!cctiii ir.ternd resistmcr of V1 
increases. %'hen the internal reslstonce ol Vl increases. 
less load current ilaws through V1, the voltoge drop ocross 
V! Increases, wd :he ostput voltage. b u t ,  oi the regulator 
circu:! decreases to its original value. 

An action slmilor to L-,ct jUs! desi i ibd occurs when 
ore r e 4 ~ : ~ t t l  :i;:;t ,voItoqe, Eout, attempts to decrease. 
Tnrouqh the voltoyec'ivi-ler action of reslstorh 118, 139, Rlil. 
cnu H I 1 ,  fie ; I S ;  s~olicje 3; the yiOs of V2A ond V2B ir 

. . . . 
.;.::mse, s L r e  ; ;ii;kiy lcwer ps:t!vr mt~n t i a l  now 
~ 2 : s : ~  ccrcs: rrs~-mrs ?,9, RIG, an7 Hli.  As o result oi 

. . 
.~ i.e . h,,s. .. . , 'J2 now cor.?~cts l r s s  ci~rrent. md this 
dwreased current flow wroujh ~iate-load resismr ni cause5 
; ;:lii ;;!:c;c ?:cp to w c u r  across resistor R i .  Thus. 
t:e wit-ge ut tar plcti ;i :'3 (2r.5 the y i o s  or 7 l i  
~mirc;;c; cr;.' ~ ~ L ~ S P S  the diiieience in voltage betr,een 
c,; 3 r . j ~  ;;i catb:e:ns o! 'Vl to oecreurc. ':;,IS il:rerenc? 
ir. voltage Detween tnt qrlt; m.d cathodes oi 'di  ls the 
opi.rot1r.g blus for Vl. As 3 result 31 the bios .;citc?e 
?ccrecse, the el:ectlve interrul ic;i;:acce n! V1 
iecrisses. '(<herl h e  internal resistance of Vl 6ecreilses, 
x ~ r c  !uc? current flows thrai++ V l ,  he voltoqe drop across 
.., , " ' at'(tj;;., ;.: G!? .:cit,l,7r a! t" crc2ioror . ..-.,. "CY..  .- ""? \,",,I,". -, ..*.. ~. <>.. "'., ,... ". 
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The acttons described in the precedlcg paragraphs ore 
practically instontofleaus; ansequendy, the output volta:je, 
€hut, remolns practically constant. Since oll of the load 
current must pass through the series mntrol tube, Vl, the 
tube must be capoble of passing considerable current. In 
some circuit applications where the load current require- 
ments exceed the capabilities of a single tube, two or more 
>dentical tubes are connected in parallel (us the sections 
of twm-triode Vi have been paralleled) ~n order to obtain 
suitoble rwulatlon chorocterlstics and current handling 
capab~ltty. 

The output of the requiator clrcmt 1s coupled to the 
gild of the input section of the coscode twin-triode iegulator- 
amplifier tube, VZB, through coupling capacitor C2. Any 
ripple component presenl in the output voltage is amplified 
in  the regulator ampllfler, and, since the circuit i s  basically 
o negativefeedback clrcuit, the ripple component is sup- 
pressed. As o result, the requlatoi circuit is sensiove to 
any voltage changes and is very effective in removtng any 
fundamental ripple-frequency component which is present 
in the regulated voltoge outpu:. Although there a:e many 
minor variations in the requlotor-amplifier circuit configura- 
!,on, the function of the regulator clrcult :emains the some, 
that is, to supply a regulated output voltoge to the load 
which is independent of voriotions in input voltage or 
chonges :n loaii current. 

FAILURE ANALYSIS. 
General. The d-c regulator using a casmde twin-tnode 

omplifier includes several components wh~ch are rather 
critical cmd directly o!!ect the operotLon of the requlotor 
armit.  For this reason, voltagedivider resistors RB, R9, 
and R10, and R l l ,  as well 3s resistor 86 are normally c lose  
tolerance (on the order of I, 2, or 5 percent) resistors with 
w d  temperature stability cho:octerisl~cs. The operation 
of the circuit -#ill be impaired if these resistors should 
chmge in vdue tor ony reason. Since the regulotar circuit 
attempts to hold the output voltoge constor!, it is usually 
good practice to determine whether the load current is with," 
tolerance beioie suspectinG trouble within the regulator 
circuit proper. A load-current meosurement mcy be mode by 
inserting a milliommeter (having a suitable ronqe) tn series 
with the output of the regulator circuit. Also, o voltage 
measurement should be made at the input to the regulator 
circuit to determine whether the unregulated voltoge output 
from the power supply (and filter circuit) i s  within tolerorce. 

No Output. In the d-c ,equator using a cascode twln- 
triode amplif~er, the no-output condit~on is l~keiy to be 
limited to one of the following possible causes: the lock 
oi filament voltage applied to series regulator tube VI, the 
lack of applied d-c voltage (from the associated power 
supply and filter circuit), or a short-circuited load llncluding 
output capacitor C31. A visual check of the gloss-envelope 
series requlctoi tube, VI, should be made to determine 
whether the f~lornmt i s  lit; if the filament i s  not lit, it may 
be open o: the filament voltage may not be npplie?. The tube 
filament should be checked for continuity; also, the 
presence of filament voltoge ot the tube socket should be 
determined Ly measurement. The d-c voltage applled to the 
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regulotor c~rcult should be measured at the input (plate 
of '$1) to determine whether it is present ord of the 
correct value, since the lack o! mput voltoge from the 
ossoc~oted power supply anc fllter circuit will cause a 
lock of output voltoge. IL'ith the d-c voltage removed from 
the input to the circuit, resjstonce measurements con be mode 
ocross the load (voltage-divider resistors Re, R9, R10, md 
R11) to determine whethei the load circuit, lncludinq 
copocltor C3, is shorted. (The resistance measured across 
the load clrcutt will normally measure sornethlng less than 
the total value of senes-connected resistors RE, R9, R10, 
and R11, depending upon the iood circuit design.) 

High Output. The hiqh-output condition is usudlv caused 
by a decrease in operating bias for the series regulotor tube. 
V1, wh~ch, in turn, causes the tube to decrease i ts internal 
reslsLancc ond permits the regulato: sutput voltage :o n s e  
obove no:mol. Therefo:e, any defects in the electronic 
regulator circuit which can cause o denease in the operat- 
ing bias for V1 should be suspected. Voitoqe measurements 
should be made at the socket of V1 to determine whether 
bias (caihode-to-grid) voltoge i s  present. The series 
regulator tube, V1, may be checked by substitution of o tube 
known la be good to de:ermine whether the tube is defective 
(qrid-twcothode short, etc). 

A vlsuaf check oi the gas-filled regulato; tube, V3, 
which provides a reference voltage for the operation of the 
cosmde twin-triode mnplifier circuit, should be made to 
determine whether the tube is canducting. A voltoge 
measurement mode between the plate and cathode of V3 will 
determine whether sufficient voltage i s  present at the 
tube to cause condunion. I f  the voltage 1s atnve normal, 
:he :.be imcy be defecti,,~; a tube known to be gwd may be 
subst~tuted to check ioi proper operation of the reference- 
uoltqe chcult  If the voltdqe mmsured ccross V3 i s  below 
normal, it i s  likely &at resistor R6 i s  open, or possibly 
the cascade regu1a:o:-amplifier singe, V2, IS not conducting. 

A visual check of regulator-ampllfief tube V2 should 
be made to determine whether the iiloment islit; if the 
illamen! i s  not lit. 11 may be open or the filament voltage 
m y  not be applied. The tube filament shouid be checked 
io: contlnutty; also, the preser.ce of filoment voltaqe ot 
the tube socket should be determined by measurement. 
The bios voltages applied to V2 should be measured to 
determine whether the tube i s  improperly biosed, causing 
the operotlng bias on Vl to decrease. Ass~ming thot V3 i s  
conductinq normally to provide a reference wltoge, if the 
voltages at the grids of V2 ore below nornlol, ond thuc cause 
on 1nc:ease in V2 bias, it i s  Fassible that voitogedivider 
reshstoi RE, R10, or R11 has changed in -iolue; in addition, 
on inproper setting of variabl~resistor R9 will aiiect tt,e 
bias wltoge at the grid of V2A. However, lf no wltcge 
whatsoever 1s present at the grids o! V2, the tube ivill be 
biased to cutoff and V1 will ccndua heavily as a result of 
rhe decreased operating bios. In this case, it is likely thot 
resistor RE, R9, or RlO is open. 11 regulator-crnplifier 
tube VZ has low emission, the voltoge drop ocross plate- 
load resistoi R i  will be below normal; therefore, a tube 
known to be good should be substituted on6 operation of the 
circult observed to r'-lenlne whether tube V2 is the 
cause of the trouble. 
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ELECTRONIC CIRCUITS NAVSHIPS 

across the serles requlotor tube: in so doing, the series 
rcjulator tgbe absorbs the change in the out?ut voltaqe. 
Voltage rejulation on the order of 1 percent con be obtained 
with this type of d-c regulator, depending on the circuit 
3esljn. 

Circvit Operotion. A typical d-c regulator circuit using 
a cascade twin-trlode ampliiler i s  iliustroted in the accom- 
j;:.,j:nl c::c,>! schrrwt:~. Elcctrm tube ',!I is 3 parallel- 
ccnnrcted twln tr~ode used as the serles regulator tube. 
(In appl~cations ,where the current drain exceeds the current- 
hondling capcbllity of o sinqle serles rejulotor tube, two 
or more tubes of the some type may be connected in por- 
ollel.) Election tube V2 is onother twln triode, in o cascode 
d-c amplifier circuit mnflgurat~on, used as the regulator 
ornpllfier. Tube V3 is o cold-cothode, gas-f~lled regulator 
:he  used to provide o reference voltage for operation of the 
re?ulator~mpliiier circilit. Tne use of the gas-filled regula- 
to: tllbe in this application i s  sotisfactory a s  a reliable 
reieience slnce there are no excessive currents in thot 
b:cnih of the clrcult. Electron tubes Vl and V 2  ore in- 
d,wctly heated, cathode-type tubes; Vl normally hos o high 
hester-to-cathode voltage rating, whlle VZ has a hwter- 
to.cothode voltage rotlnq ivh~ch i s  typcal lor receivic* 
type tutes. Because of the heater-tecothode breakdown 
vcltoqe iimitouons ~mposed by the tubes themselves, it i s  
u.ually necessary to  sola ate the iiloment circults from each 
otber and to supply the l~lament (heoter) voltages from in- 
dr?endent sources. 

Ptesistors R 2  and R3, in the gn3 circuits of Vl, o e  
pa:ositic oscillotlon suppressors; they are of equai volue, 

I-C Regulator Using Cascade Txin-Triode Amplifier 

CHANGE 1 

0967-OM)-0120 VOLTAGE RE GUUTORS 

;enerolly befiveen 270 and 1000 ohms. Resistors R4 and 
R5, in the cathode circuits oi V1, ore included for the pur- 
pose of equalizing the current flow in the parollel-connected 
trrode sections; these resistors ore of equal volue, generally 
between 10 and 47 ohms, depend~nj upon the circsit design. 
Reslstor R10, connected in series with reference tube V3 
across the output clrcuit, serves to apply the full output 
voltage of the regulator to V3, to ensure o sot~sfoctory 
striklnq potential and olso to act a s  a current-limiting r e  
slstor once the tube i s  ionized. The choise of current i s  a 
compromise between shortened tube life at high currents 
ond higher noise level at Low currents. Resistor R9 returcs 
the qnd of V2B to the positive reference voltage; olso, 
reslstar R9, in conjunction with capoator Ci,  forms o series 
R-C filter across V3 to suppress the transient noise gen- 
erated by the gas tube and thereby prevent these undesir~ble 
slqnals from appearing on the grid of V2B. The volue of 
copacltor C l  is usually o compromise between a value 
whlch offers low impedance to the transient noise and o 
valve wh~ch 2s not so lorg? a s  to af!?ct the normal operation 
of reference tube V3. 

Copacltor C2 couples the full valve of the power supply 
ripple voltage(usua1ly 120 cps) appearing in the output of 
the iegulatar to the cothode of VZB. If capoc~tor C2 were 
not used, only a portion of the ripple voltage would be 
applied to the cothode of VZB, as determined by the voltage 
divider oction of ies~storsRll.  R12, and R13. The volue 
of capacitor C2 i s  chosen so thot it IS just larqe enough to 
provide satisfactory ripple suppression. If the value of 
capacitor C2 were made too lorqe, the response time of the 
requlotor circuit to norm01 Dc output voltage variotims 
would be ofiected; o volue of from 0.01 to 0.1 microfarad 
i s  typlcal in most regulator-amplifier circuits, althouqh 
values to 2 microfarads may occasionally be used. C o p  
acltor C3 1s connected across the outpdt termlnols to lower 
the output impedance of the requlotor circuit: the value of 
this capacitor depends upon the circuit design, but i s  
usuolly 2 microfarads or larger. Resistors R l l ,  R12, and 
R13 form o voitaqe divider ocross the output of the regu- 
lotor circuit, and are in parallel w~th the resistance of the 
iood. Resistor A12 1s adjustable, and i s  used to set the 
output voltoge to the desired value that the circult is LO 

maintoin. 
The cascade lonil jurction of the regulotor-amplifier 

circuit, V2,  con te considered as two triode amplifiers 
thot use dlrect coupl~ng. In a direct-coupled (d-c) amplifier, 
operating plate voltage and current ore usuolly established 
by the circuit design,~and the grld bias i s  then adjusted to 
compensate for tube tolerance. Since, in order to function, 
the plate of a tube must hove a positlve voltale with r e  
spec1 to i ts cothode, and the ?rid 01 the next tube must hove 
a negative voltage with respect to its cathode, the voltoge- 
dlvider arranqements indicated in the diagram are required 
to obtain the necessary operating voltages for the cascade 
I#,"-triode direct-coupled omplifier, V2. 

The two trjodes of the coscode trvin-triode amplifier ore 
the Input stoze, *ihlch i s  the right-hand tube (VZB), and the 
output stage, which i s  the left-hand tube (V2.4). The control 
qrld of the input stage is ot a positive potentiill determined 
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by t n i  rcfrr?nct trloe, V3. The cuthodr a1 tiie input stuge 
1s returned to !::e wiper arm oi voltogedivider v ~ r i a b l e  
:cs:zt;r PLL. The a t k i e  v c l t 3 ; c ~ i  VSB, c s  d~tcminr , '  
k,; tht- C F I ~ I P . ?  rf --sistor Ri2:  i s  sl13idy more positive thm, 
%e cp;.rutlr.,- ~ o t e n i l c l  of reference tube V3: hence, a h a s  
~ n i r n ? ~  01 ~ c i y  c lev, volts 1s established between the can- 
no! ?;;? zr.? c-tt-de c! \!&. Srsismi RR 1.- the ...- ~lov-ioo,+ - ~ ~ . ~  
res:st:r for * e  inpl;! st.l,ye, V2R; s ince direct coupling i s  
s s e c  frcm me plcte c! ViY to tb.e  rid oi  V2A, resistor iia 
2lsc serves ss  t5e gnd-retun: resistor far the control grld clr- 
x l t  i: ;hi mtpu t  s tcze,  VZi. Thus, the plate voltaqe of 
.; ,,, 
r ~ a  t i  glss tnr  l r i 3  ~ a l t a l e  ,;i V2,;. T'ie cathode o f  'V2C 

I; ;t-:;:ieJ f c  t ~ c  jdzctlor: o f  rer is lors  PU ond 37, ivhiri! 
,,,,,. .. ,,, , , . , ,  ,- 1 . ~ - . . .  F . . . . !  . L 1 . > C  ?..7 lT''/lilliiill l i 1 , : 4 1 1 , ,  ..., "1. 
TI:? VZ? catnode a l t a 2 e ,  iinict, 1s the voltc3e deve1ope.i .*.- .- rezlstor "7, is sl!mtiy ro re  posi!!ve thon : ' e  voitciqe 

! !?e :r!c -,! ViA: r-nre, 1 b n s  uoitnli. of only u few 
."I:. ." .;:acii;:e: t;:...;;;2 r;::::.I .:(;(i .;utf .,,, :: , f 

'!:.'>. P!;:: .:cl!;;: i3: ':?A :s =t!z:ce? !ro.~. !he c ~ i c ~ l ~ t n , ?  
.;l:a>c inpat, Em, tirouqn ~ l c t r l o a d  resistor R1. 

t.5 jii,lousfy -ertir,ne.i, t1.c dcc:otio!: 3f tni:. re';!;- 
lotor ciri.llt is base? ,lpo:, t i e  valta2edlv!der principle of 
ssln.: u vcrloalr r e s l s t m c e  in the form 31 eiection tube V 1  
I n  sc:le; ,NII? !?.e load ies l~tanct . .  Tne regui0tr.i output 
.,... ..:rc ;L, Loit ,  cppccrs scrcbs tile voltage dividers !rime? 

3y resistors 511, F12, arid 1?13, and resis tors  P6 and R7, 

w w h ~ c h  ore connected across  the output of the regulator cir- 
c.,it zrl2 1:l pr;roflc: , n ~ t h  t5e faod. The total resistance of 

A\ 
i 1 

.----... I t  '. r ;"t-.; in n"r",l I >",,,h ,ha in+ ':.'>: Y I L " i ,  ,.,,,., , ,, ~.." ?" .-.. ?. . ~-.. 
r i h i s lunce  cai;ititutes or;c Pd:! ai tt!r rrslstunce in  i ~ , e  
re;d13:;: ;crii?s v@l ta ;eav~der  -irra;.;elent, witic5 !nclur!rs 
!ne vai luslr  cot"ot~e-twplsrt reslsiance oi  serlrs i r ~ u l l t o i  
!Ire "41. Tnr currepti ~ljilch poss thouqn the poioliei 
ai?rwi,es ivci tagr : i i~der  ies is tors  and load resistonce) 
combme, and tnls totol current posses  through se r i e s  re?- 
, , i . , l - r , , i n ! i ~  ,.".-. .--- . .. :,I . h e ?  !QP nl!hnO?!o-pi.n- i e s r s i n n r ~  oi 
\ i l  15  controlled ta vnry the voltoqe ?rop across  this  tube, 
t i c  - 'dtp~t uoitaqr developed ocross tt:e lood con be reg- 
iliotec and malntalned a t  a constont vaiue. . . 

i n  3r-er lo .n;rrztzni !.Lw the i:-c reguiator i l i ; ~ ~ !  

+rr.nes under varyln2-lood conditions, i t  i s  necessuiy to 
c i J m l r c  first the s1ct:c vcltu]: l is t r i tui lon urtizr naio:ui- 
load conditims. The cothade of ser ies  regulator tube V l  
1s tield positive with respect toijro8:c.i by tiie output rolt- 
,d:r,. ;:O,>C, +",,.k .> :.LI; ;L:;,L;;?~: :e:: ;c:::::c 
:;: ,:,c d C i ' l , ,  L: i ~ , ~ : z i c i  am;I::ii; V2. '?k ?iffp:czcc b e  
!>'.-- tr,?>P t\"C, a ; t q e >  1- tr,c &>.US "":;<:V :": ,:>, A:,.-: ,  

IS  1 t i e  proaer value ior ser ies  regulutor tube 'Yi to hove 
!!>X redu l Ie2  znl6"rl: .,I cJ::."dL-:~-b~uLe Lcb.>l",;-c v> +;b,>&~ 

the rarrect oatcst  vcltage. 'The oiitpu! volta,qe is appileg .- .-,,,. "",." ',;; ,h .,,,, ",, 7' .s,<r , , ,  -,- .- ..,-. ~, ~ ~, , ..li,; < Li,,>lllq ;13 I" 
. . 

ii.ni:* dna ;ano;;c:, t:;e:rLy r;:dol:sf;lr:, ; rc!eit::cc \ ~k .  
1::. at  the qril! of the input sta?e, V'Y, of the coscode re"- 
u i a t ~ r  umbl~firr.  (The uction of the yas-filied reference 
t-be, V3, is :ii so r . t  2s t i a t  prrvlnusfy 6rscrlSed under 
.2,~>-TbLe 3et4t l ldt~,r  ZCCL,>: SGC~I,:; ~n Sec:iar, 5 a f  !>,is 
6~r:t1b"<k.i R e > ~ ~ r ~ < l e s s  cf !:e . < ~ k h  sf t>,c 2~ ~ v z l t ~ ; ~  
:;>I!?? !"In? , ~ ? I : Y ,  ? < c :  <>i re , j :>hbr  <:lcc~ui t ,  ci~e v u i t -  
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ZJL. 31 tlli  jt1.i of V23 will be he13 constact (by !he 
action ot V3) !or use os c reference voltoqe. 

Casccde r e p l a t o r  oxplliier k'2, In esbence a twcr?t:11r 
serles-carnec!ed tncde amplifier, Yses the plate iocc of 
ihz 1 ~ ; : ~ ;  sr;jc, V29, ~5 :zr y i ? e  Input i m p e i ~ n c r  3i 1 . -  

output j;;e, C'?. 9 1 5 ,  the i i jroi 1 3  tte lncdt s t a j e  1s 

~ p p i i ~ ;  :c:sccr. :hc cc!~,osc md ]munc: ;qe r,irbNir i l i  18,::; 

jomp s t a j e ,  ,wnlch is develcpe? ocrocs resistcr '18, is tne 
mpct to the !::ec!-coup!% o ~ t c o !  s t r ; ~ ? ,  :13 is r~oai ic?  
between the contr31 qrld an:! j i o n d .  ?he q r l l  oi V Z 3  i s  
connecte; :i:rzd;g rrs2itar R9 to t h ~ p o s i t l v e  rsterpncz 
..- ..,itc;e est.L.1is5i.d rv VZ, nn,i the coti,adr c! tt ,e -3n.e t v i t  

13 st 3 pottl!!cI s11;i!iy core POSltlVe t t , ~  tne ie!eren:.r 
,vrr,-li, <I."- . t  7s r<.*, r r i . :  !" tl.e ,.,.:'.I I .  L i  V 0 , t l i j ~  

. , "  
Clvl,3er . J a I lo~ le  resLStO1 ?,LZ; E l l b  Urrult2e##!e!8> ~ ~ L u ~ ~ L ~ ~ ~ c . ~  
" : :  5 , ' .  >? i!J!. ci i'"s ,:.cr!.i:r,: 
:o tile I-I! ' vo lw~i  ei t r?  r?;jl::?l YJ~F: :h:u:;;? r- ~'b..,,-. ,.", 
. ' I , ; ,  ' ,  . - .-.-, *. ..,. tb,5n , , , , . - - - - - . . . . ,  , ,.. , ,, ?,, ,~. . " .  
cnthade, m13 the proper alas is establ;si.ed, tune '425 
con?~:cts .  When V 2 B  plctn current flows throuqh resistor 
l?8. -7 ucl+-- .LU,F~S ?rop,ced ~ C E S S  lhis res?;t3r: !h!s v o I ! ~ - ~  3 -  

IS  a l so  the 7rld voitoqp st ' l i A ,  or.d :s ot a i e i a n ~ ~ e i y  n ~ i r  
Y J ~ ~ E .  

A rv,o-stgqi dire,:!-ioup1e.i omplifiir is ~ s , i a l l ;  ?esii;:-? 
so (not jppruxln,utely on-half d i  tile o;;il;bie :c!t;j: c i  
the irluloted output, Eou:, 1s used fur thc input stoqe. ' rhc  
plate  of the output staqe, V2A, of the !wo-stage coni12u:o- 
tlon 1s connectej thrauqh a silltable load resistor to lit- 
mast pos1tl.e pomt of tke ovu~luhle  voltage, whlci, in tills 
reiulstnr c:rcu:t, IS t1110,~qh ~ e s i s t o r  Ri TO IPP i n r e ? ~ i m ~ j  
Input, Em. T>.e ccthode of t h ~  outpilt s t q e ,  V2A,  r u s t  be 
:or.c<:~:r:2 i,2 : pc5.:1;e ;c:;: ;:.:zk!c fz: F~c,.,!?!?." 
the prapcr blasiil; voi ta je  w,d :hi propei p l ~ t e - o j i r t : : l ;  
volfage. Ths paint 1s determined by the proper seiecflon 
of voitogedlvlder resistors R6 ma 37 so t'hot tine voitoge 

. . -" . . ,  aii.e;apc: 3;:3SE :es:s:LI: i l i ,  '*.!:?r!: .> i j l r  :;t!~,:-h,.i.~ 
vo l t a j e  oi  V2A, 1s slightly more pos,ti.de t5un t i e  voltii;e 
or the qnd (which is determined by tne voitage 5rop ocrass  
:csis:o: .?8. ". , n:!nou;h the coszadc t n r - t i l ~ . : r  -i:;;!cto:-crcl:!:~- 
circx, is r~ ruti~vr corr,plsi : s s ~ s t ~ x ?  ne?;;o:k .w?i:>. :?x! 
kc >:;>s:?< rc:>,:,;l!y !? nt!,=!r f,- ?Ton-. - , I " z P ~  c,.,,. on,, . ,  . ,~ 

csthode ,volt3ges for both s tages ,  it provides o inther h!;o 
$1,7 m i  G J U ~  i ! * < ~ ~ : , - ~  :~spC, ,>?;  t:,~r&2r?, ,: sc?":: (27; . . 
,.,c :: cs ::,,: 2.: ;zz;:::zz ::, zz ?: ?c:y!- :,: .:,,! .,.:L !,.:,.. , , . . . ~ .  

, .  , 
I ,nut IS, me11 reu~I ,~:ar c ~ , s i ~ h e i  ';: :A ~~:,LL-: : ; ;G, ;.s 
,-., ,..., , A r  ,., ,,,.,,.,, ::: GI,,;if;; .-- " - : '  ,,. 

~ . . .--isu,,  . r ",.," ,..,., i 

;z!!o;F :1: !?,e j:?" oa! ser!es rrgcictor rure L i ;  I..,-. , v , ru , I  

! ?  ! ,,,.,. V "  ,;., O ; , I , ~ C  .b , -  c!,-.$* ,-,r ,:,.!:h;,.!~ .;,-!!z,~" c! >,'I, 'T),(> . . . . 7  >,,  : : ;  . .,:,".. . . J .. . . . 
. , ./', -. . ... - 

,.m* - 2  - ,!? :,-r '" 1 .  . ? , . S ,  .+- s,:.:i.,: ,,! ;F$!.;t.,: 
= ! I  b!-r...:..P? . ~ .  !Ler , : rT?n.  !h,r>#,:,. " l b ,  :,;71cn, i P  

Lk,e,"l,tea L ! , t  b.,J> ~f ':;A. TL;> b . L  ,:;:,:;-!.; :!,,, z:;; , . : - - -  .' ., ..", .,..--,. ..,.,.., . *: . UL 'Y 1 1' i ~ e , , ~ i  lciilie ,-.-,.. .."... 3. . .1, 
,*:IIc~ estmi>s",es k,e i,xs 5: '71. i t  . b  ? I ;>  : c ~ r i  
t!,.at lrit!311? .irte:mln~s the ;.ftect!,is i?tercaI re;:rt~:ce 
. .,. .. 

L.1 > I :u i::a: l i b  ,a?;_;;; ul.ibY. "L:" ,L, L... :, ::: :: :~ 

:":",'?.,: !!., i 
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ELECTRONIC CIRCUITS NAVSHIPS 

A s s m e ,  row, that the regulated output voltage, Eout, 
a t t enp t s  to decreose, either becouse of a decreose in the 
~ n p d t  voltage to the regulator circuit or because of on ~ n -  
crease in the laod current. Through the volto?e-divider 
actjan of reslstors A l l ,  P12, and R13, a slightly lower 
posjtive vol ta le  nmnr oppeors ocross R12, and RlS. Thls re 
sul ts  i n  a drcreose lr. the pcsltive volta2e oppiled to the 
cathode of V2B cnd J correspondin3 decreaso in the bias 
voltage b e w r e n  th i s  cathode m d  the g r ~ d  of V26. (The 
2nd voltoge of V2B remums constont because of the actlon 
of reference tube V3.1 As a result o f  the decreased bias, 
V2B now conducts more current, m i  t h ~ s  additional current 
flow tirouqh ploieiaod resistor RE results in o greater 
volt3ge drop across R8: th.15, t i e  voltoqe or the plote oi V2B 
decreases. Sm;e the voltage at tne plzte of V?B i s  a l s ~  
the qrld voltoge of V2A, the bios on V2A now increases; 
this resul ts  frail  the foct thnt a n c q o t i v e g o i n ~  grid sign21 
in conjunction with a fixed voltage on the cathode causes  
the difference in potential between these  t ~ o  electrodes t o  
became qreater. The  increased bios of V2A reduces the con- 
duct~on througil this tube and causes  a decrease of plate 
current through p la te load  resistor R1, thereby producing a 
smaller voito7e drop across  thls reslstor tocause  a r ise  in 
V2A plate voltzge. Th i s  posi t ivegoing w l t a g e  a t  the plate  
of ViA I S  coupled to the ?rids of VI and m u s e s  the h i i e r -  
ence in potential between the grids and cothodes of '41 to 
jecrease. Th l s  Ciiference :n voltage between the grids ond 
cothooes of V1 1s the operating b ~ a s  for Vl. Thus, as a 
result of this blos voltage decrease, the effect ive internal 
resistonce of V1 decreases. ')(her the internol resistance 

of V1 decreases ,  more load current flows throujh V1, the 
vo!toqe drop o i ross  V1 decreases, and the o~l tput  volta2e of 
the regulator clicult Increases to i t s  oiiainol volue. 

An action similoi to thot lust described occurs  when the 
requioted output voltoge, Eout, attempts to increase. 
Through the voltagedivider action of reslstors R l l ,  R12, 
and R13, the blas  voltage between the cothode and grid of 
V2B i s  ir.creased, s ince o slightly higher positive potential 
now ex i s t s  ocross A12 and Rl3. As a result of the in- 
creased bios, V2B now conducts l e s s  current, ond this d r  
creased current ilow throggh plate-load resistor RB causes 
o smallr i  voltage drop to occur across  RE; thus, the volt- 
age a t  the plate of V2B increases ,  and thisposi t ivegoing 
voltoge causes  the bios o f  V2A to decrease. With a d e  
creased blos, V2A conducts more hemilly ond the lncr tased 
plate current through plate-load resistor R l  produces a 
negative-going voltoge a t  theplote  of V2A. T h i s  nega t ive  
going signal i s  coupled to the srids of V1, causino the 
difference in potential between the grids and cothodes 
of V1 to increase. This  difference in voltoae between the 
grids and cothodes of V1 i s  the operating b G s  for V1. Thus, 
as a result of this  b ias  voltage i n n e o s e ,  the eilective in- 
ternal resistonce of V l  increases. When the internal re- 
s is tance of V l  inneoses ,  l e s s  load current flows through 
VI, the voltoqe drop ocross V l  increases, and the output 
voltoge of the regulator circult decreases to i t s  original 
value. 

T h e  actions descnb td  in the preceding paragraphs ore 
practically instontoneous: consequently, the output voltoqe, 
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Emu*, renolns  practically constont. Since al l  t'le loud 
criirent must pass  t h r o u ~ h  the seraes regulator tube, '$1, 
the tube must be capable of posslng c o ~ s i d e r o b l e  oxrent .  
In some circuit appiirotions where the load current reqlllrr 
ments exceed the capabilities of a s ingle  tube, two or more 
identical tubes are connected in pord le i  (as  tiie sections 
of twin-tnode Vl hove been poroiieled) i n  order to obtain 
sultobie requlotlon d a r o c t e r ~ s t i c s  and crrrent-nondlm2 
copobllity. 

The  output o f  the regulator circuit i s  codpled to the 
ccthode o! the input stoge of the cascade win-triode aapli- 
f ter  tube, V2, through couplinq capacitor C2. Any ripple 
cornponel:t present i n  the output voltoje i s  amplltlrd by 
V2, and, since the circult is basicoliy a negative feedbock 
circuit, the ripple component i s  suppressed. As o result,  
the  rrqulotor circuit i s  sensltlve to m y  voltilse chonqes 
and 1s very effeztlve in remavlng any fundamental ripple- 
frequency component which i s  present in the regulated 
voltoge output. Although there are maqy minor variations 
in the regulator-amplifier circuit configuration, the function 
of the regulator clic~;!t remains the same, thot is ,  to supply 
a reglilated output vol ta le  to the loud which i s  Independent 
o f  variations in input voltage or changes in load current. 

FAILURE ANALYSIS. 
General. The d-c r e y l a t o r  using a cascade  twin-tnode 

ampilfiei includes several components whlch ore rather 
c r i t i c d  and affect  the operation o f  the regulator circuit. 
For thls reoson, voltoge-divider ies ls tors  Fi l l ,  R12, an2 
R 13, as well a s  resistors R6 and R7 are norrnolly c l o s e  
tolerance (on the order o f  1, 2, or 5 percent) resistors with 
g w d  ternperoture stability characteristics. If far any reason 
these particular reslstors should change in volue, the 
operation of the circuit will be impaired. Since the regulotar 
clrcult attempts to hold the output voltoge cons tmt ,  i t  :s 
usually good practice to determine whether the load current 
i s  within tolerance before suspecting trouble within the 
rejulotor circuit proper. A load-current measurement may 
be made by inserting a milliammeter (hovinq a suitable 
rcnqe) I , )  seiles wlth the output of the regulator circuit. 
Also, a voltage measurement should be mode a t  the input 
to the regulator clrcult to determlne whether the unrejiilated 
voltage output from the power supply (and filter a rcu l t )  1s 

w ~ t h i n  tolerance. 
N o  Output. In the d-c regulator using a cascade twii,- 

triode amplifier, the no-output condition i s  likely to be 
limite? to one of the following possible  causes:  the lock 
of filommt voltoge opplied to ser ies  regulator tube V l ,  
the lack cf opplied d-c voltage (from the associated power 
suppiy and fllter c i i cu~ t ) ,  or o shorted load clrcult (including 
output capacitor C3.1 A visual check of the gloss-envelope 
series iegulotor tube, V1, should be mode to aeterrnlne 
whether the filament i s  lit; if the filament i s  not lit ,  i t  moy 
be open or the filament voltage may not t.. npplied. The 
tube filament should be checked for continuity: also, the 
presence of filament uoltoge ot the tube socket should be 
determ~ned by measurement. The d-c voltage applied to the 
regulator circuit should be measured a t  the input (plote of 
V1) to determlne whether i t  i s  present and of the correct 

CHANGE 1 



ELECTRONIC CIRCUITS NAVSHIPS 

volae, slcce the lack of i r , p ~ t  vc l t a j r  irom the o i s o c ~ o t e i  
power supply and filter circuit all! zouse o lack of output 
voltoge. iVlth the d-c vol toje  removed from the lnput to the 
:ircllt, ieslst;r.ee ;liosurernPl?!s can be ma'je asross  i;e 
loo3 (#oltaqe-dlv;?er :eslstors ;ill, Ri2, un! :I]?, or 
res?s!?rs R6 nnn R7) to determine ~ h r t h e r  the l c a i  ;;rcu;t, 
i nc lbd~ng copucltor C3, i s  shortel.  (The resistance 
2eos:irc i x r o s s  the laod circurt  "111 ni:mo:li ne3;::e 
somethin? l e s s  than the total ,value o i  series-connected 
:esls!a:s 5 i 1 ,  i i l2 ,  orlo Rl3, or :?I? t i i d  ;GI;U C! se::es~ 
cucrecte6 :es!stcrs SE one 37, e p e n d i i  iqon :be !scd 
C:TC,J!! : e s~ .~n . i  

"igh C"S&.";. ?7,L :,::z.c2:cL! ~. :5zd!!:cr :: :: ,"l'\, 
imrr.: ii a :?crease in operatlrg tias lor the ser lcs  rrl- 
do to r  tune, V i ,  whlch, in t Jm,  causes i i l i  t d i r  :G J e c i t a s e  
Irs i r terno l  ri-sls!m:ce unl: permits <fie ie;;::tir a i tps!  
'.'2L:2;z L,> : L C  .A<, ,* nGrjn7!. ' ! - - , ~ ~ ~ f : : ~ ,  A?,,; ,:e!e:ts !!,. !!.% 

~~~~~~~~.c rt.r;.!q!or clrruit which con cause a decrease in 
the operatlnj blas for V1 should t e  s ~ s p e c t e d .  Voltage 
aezsurements  shoulc be made ot the socket oi  'dl to deter- 
mrre irhelher h las  !cathode-to-~r~o) vol toje  1s p:csent. 
The series regulator tube, V1, may be it.eckcd ty s~bst:tu- 
!lor oi o :ute know, to be jood to dete:,~;ne :mirher Lqt 
tube  l ide ie ; t l .~ i  (j::d-!*cathone short, etcj.  

A .iisusI check oi  th* jos-filled reguictor tube, V3,  

G\ w h ~ h  P I O V I J ~ S  a reference voltcqe ioi aperotion of the 
c c s c d e  Wir,-trlode regulctcr-omplifler clrcult,  sho'jld be 

ii! .ml?t 19 ?etem~ine w i l ~ t h n r  t i l ~  tube is canductino. A volt- 

' 0 a j e  x e u s u r e ~ m :  made 5e?,ieer. :be plotr ap.? c,zl!,u,3e ,a: 
V 3  w l l i  Jetermlce ~ ,h r t i r e r  s u l l i a ~ n t  vol taaejs  creseat  c t  ~. 
!he : m e  to cause con2uctisn. i! t3e ioir2rje:s a3o:t 
"ormn!, the tubpmo\i be deiectlve: o ?-be known to De 7ood 
m'7y t e  s..bs:ltutec :c check 131 p:cper o p e n t i i n  of the 
r e f s r e n c e v ~ l t a q e  circa:!. !! the vol toje  measured ocross 
V j  !t- beiow noirnol, 11 i s  likely Ulu t  r r s l s t ~ r  B I '  u ib . -  u,e:.. -- 

A vlsuol check of regulotor-amplifier tube V 2  should be 
:na?e to determine .~tict:.er the illomen: i s  lit:  li the fllarnent 
!s not 111, it m y  be open or h e  i l1~nlr1. t  i b l t i l j t i x y  2;: LC 
oppiled. i h e  tune iilm:ent should be checked lor cortirulty; 
olso. !he kresence ol f l l ~ m e n i  vcitcqe i t  tke 1u3e socket 
ShWL: be de:Cr::..?e: i y  : x ~ e ~ ~ u I ~ ~ : , ~ : ; ~ d .  yr.L L l u u  .V:::Z:CZ 

applied to '$2 should be meosured to determine wt.e:he: 
the tube 1s lrnproperly oiose3, cousing t n t  nprrotlng oios 

.. " , 2 ,  , .. .. ,, .... . ~ .. , , - . , , , , ,  - -. ,, , , , , , , , ,  - .  ' - 
i?  iu p,,,,2; ; i s i2r iz ;~  i.3!!2;?, :! t" ~ c ! t , ~ - 0  r r  :ne 

. . . .. ,- 
' .. . ~ ...~ Li. .--. ,,-: .-.<- . 'UI?i jr u: r ii i z  ;;."A ..-.,..... .. .. w....L. ~ , . . . ... .. 

dlvidei reslsrur R l I  or 3 1 3  h ~ s  z i i a?c i  1;. volur or th;t 
.. . . 

<cr,d~;?-:e*~>~". .: :>Li >c; v~v;,,:,.  :: ::.: . . z ! : :7  
a t  the cothoae ot V I A  1s oKve normal, i t  is posslnle .&^. .._. . .: ..,. "" +,.l,,.,,.i., . .. . t W > , > t ~ , i  PC ,: K? r,s= cf,z.;2i :7, .:2!25. 

i,C,?,czer, 11 r" ,<&[L+< ,:;rlu[ >u=,>z pr*st?-,: ,>! :>,e ::!:,::e 
c!  V29 and a h l l h  voltqe i s  present ot tne catnoae or ' d i i ,  
t u h r  V2A will be b ~ o s d  to wtof i  an3 '/i n.111 c o d u c t  
he:v~l; 2s o iesj!: 31 ircreased operotmq blas. In this 
case, :I 1s l ~ k e l y  :not resistzr .?li, :P,c 2 c r t : z  a! ,~zr>?ki.~- 
res!sror 812 connected ;; PI!, 3: :PS:S:?: 3.7 :; 3:ec. :C 

. .. . 
?::,;e i!i! ?.!n mmli. i i  rp ! t i iu~u i -u~~~~i~ i l ; i  :YCL :i z;; 
LO'* e~r.La>..,,1, L.,C "u:.",c ;iuv uLY" ;:::-~:::: ::::-:-- 
5 i ,r i '18 ~ , l l  ;,i ;,iliiii GG;~;!: :IC:C!C:~, c ! 2 t t l : ~ m % ~  f r ,  

0967-WO-0120 VOLTAGE REGULATORS 

be 7oai snould be s~sst! t :~:od cnd operctlzn c! the circ!: 
sbservrd to deterr lne whether t h e  1'2 is t - i  c a i i e  oi thi. 
trudble. 

-. 
L o r  OU,~",. ,kc ;o~.,+d+ut -3,,;~;.o,; js ;s;o!j,' :cdz?2 

PV m inCce:lse :n ojrrniinq j:cs lor me  seiles rri::1~tcr 
. . ,  , . 

!29e, v 1, *r,c,,, ,I, L" ,,,, ,LCd>Ci :+,c :;5c :2 l?.crC'?s? , P C  

!?.:ern31 ~~~~~~~~e =.a rermlts t l e  re;uia!ui u . l ~ p ~ i  ~ c l t a j ;  
to ia.! !!!eio,$+ normd. >)ere:":=, ~e!e:;s ir. :?.? ?!Y:- 
trwic re3~!ot3i :LICU: ~ h i c h  con c m s e  an increcsc i n  the 
cprrOlln7 b13S 101 ' v I  ~ n j d d  bf S L S ~ C C ~ ~ .  T l i i b l ?  ::'. 31e 
-.-rlcr ..' ';; 
uc.L , ", 1 !:.-,:h ,7:, ir;..b r,a~r,o?? e:::iss?,~~ L r  ,xr. c ~ ? ;  : s c  
-,c,r,eR,) ~" l i l  ,:aka? < re,!"::,2r. 17, xt;2:. F.? 1 ::.? .: :{ 

. , 
pe : ,  ! :! 3 a .  : : 1 1 7  :: 

. , 
"e,ec ,,,,,,= #",,L::,:: ;:,< :"LC .: 2e!e'::. '?. , ' - : . ? 7 ?  ::..I: .:- 
r e.!r + ~ X I ;  ir -- 11e ;t thi zacs i t  2j ' j i  !2 i t t e r r i n . i  

, , ,.!.;e v,r !  !h.e : ~ Z S  l,c.;:;:,;'-!"- :r: 2:; .:It..:,: , s  .-7re::: !,,. 
: . .e  e:,~gl!zln: :ei:stoi:,, .. ; ~d . ,5, ~z :;.,,. L::: "22 .:::-.:'. 
i ;; " I  * 7 ! : J . > .. 
ope?., :hot they have not lncreoseo i r ,  viiirc, ::.i: ;;.., 
316. 0 1  equal i e s l s t in ie .  

A ~,sl;ai  check o! !he ;j\-ti!;el ;e jdotc: t - ~ c ,  '75, 
~ h , i k ,  pijvice; 3 :e!f-:ence vsl!cr;c tar :,prra!lm ? f  !i:e 
,uubv!e !w!n-triode r-qulator-o~lplifier c:r:uit, snorld he 
,i.j:i :c :c:c::::r: :h,c! t'ne ! h e  1s c,~I:I!,~c:J~?. A vi:::ic 
meosdrement moie between the plot? md cofhsde oi  ',i? 
wlli determine whether s ~ ~ t f l c l e n t  uo l to je l s  present a t  :!:e 
tube (3 muse C O ~ ~ L C : I O C .  If the vol!;lge measured o3rG;S 

V3 is below normal, or lt no i.aitoge is Fiesefit, l i  1s ik6i.f 
cnpoclror Cl 1s eitkzr l&; ;i j!;;;;;.i. - me bias ,ioltaqes appliec 10 ' d ;  sncum or mrusurei  ;U 

'+-.-.-- ~..ha,her t n e  f8;hr ,.i imor:otlli biased, cri.i,:n: , . .. , . . . . . . . . . - . . , . . , , 
t:,e op2ro::r.,; b:cs c;r, ,,!I t U  ::>:r?Js?. A.s:;;;r,!?? !P,Ct '15 ! E  

conducting normdiy LO pruvdt: a iitireiii? vc!:zje, :! !ti. 
i,oltaqe a t  the calklode of V29 i; G W J c  ;;a:m~l, 1: 1s pdrs!,lr 
t l x t  ;:!;~;e ?i::?c: resictgr 311 ni  R i l  nos cnonoed i r i  

value or thot voriabirresisrur iii: 18;t 15: p; jp ; ; !~ . .  !! 
rhe volto:lr i t  tile i o L , i ? s  ;f '"'2:. :c 5clcr: ~ ~ 1 3 ~ 1 ,  I! 1s 
nn.:slhle tho! voltage-olvlcer resistor 35 or 87 hos c n ~ r ~ e i  
: z  ~ 3 ! ~ 2 .  However, l i  a high volto3e 15 preser t  ct tnc 
;-:'.ode cf  \!?%on4 nn uci:n?e wnztsoever 1s j r e i cn t  ;i 1-u 

rcthru'r of V2A,  tibeV2.4 i~:!! car.duct t ~ n v i l y  m:: Vl i:ll 
c i n 3 s i t  l e s s  as o resill1 o! incitaie,3 operatin.: o.&. i l l  

. L .  , . , < I  LO! .,.... "."-, .. .. ;. +i - l  r n ! p l t r ?  ~ a p c c i t a r  C2 is pltnei 
Il:\.v C,I iLci:i?, c: :LC! :es:r!c! ?!3. the pnrfion o! vnrl?bl" 

. . .... , , :>r ' ,  ------."A ." d t  < n. .oc,<,"r mn $ <  <,t,e,, ,<, .-".r.-. ..'& _ ,...,~.. ." ...-, _. . 
" i .  ! . ! i! m.::li2!or-?mpi:!!fl L,TP 

v z. $ 3  s i 2 ~ r ; d  x,2 Z C ~ , ~ ~ Z : > ? , ;  !.Z::P;, !!u: ,!c!!:;? :rS>b, 
:;rcs.- c!c!P~!~JI res!St?i 31 wl l i  !.i ex;essi,;e; ~ h ~ i e l ~ : ~ ,  

' - -  .- L..- ""a" .-h-,, :., ,> = , . -  , c , , ,> , , e , ,  ;,n,,, <:n vlJ- , ., . .\ . ,. . , , ~ . . . 
,.,,,, "f  !!:c ZiTCti't Z?:?: ,>C~ !C 2t-!-r!-.!!!? *"he!??r '$7 , s  ,:I? 

~ 3 l i s e  ot the trouDlr. 
L.. ::,:r!::~id F:~.:IcI:!~, -~:isil:w icn? r;rmnr CUT! 

:~;ce  :2 t i . . , t ?~t  v;l:aj- !L be lu*, t;pei:zl!.j :! :ne 1-cz 
;UII~;,L cn;eiis 15s :?;:T::: :c::y c f  s w n s  r-yintnr 

:';be V l  (resilirlnq i n  ?xcess:vr viltoqr Zrop ;crc;s ':I) 
<; ;i :k,i ic;? cjrr:: wr-p?r !fie s i l t n j  ;r! : L P ~ C W U ~  SJCLIV 

,., ,, ,:-,~r-,ji- : ;  ti,; :;;::s":zl:=-c:. F2! tmIC1 , . ~  .," ...., , ... - 
;,-::2?,c, C>!pE! cz;tcc.,tt,r (7 >i,GL!d be :k,czk:$ :c :?!c:E::e 
wnetht i  ;: 1s sot:s!.ictoiy; 3 ieai(y L.L . I~U:  ~ d ? u : ~ i i i  L ~ ! , ,  : 
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ELECTRONICS CIRCUITS NAVSHIPS 

result in reducedoutpu! voltage, olthodgh the reguiotor- 
amplifier circuit (V2) may be ilmctioninq normally but unable 
to comp?nsote for tne decrease i n  output. 

PC.., Regulation Chormcterirtics. Vollaqe instability, 
slow response, etc, ore irequently caused by weak or un- 
bolonced triode sections in serles regulotor tube V1, un- 
balanced cathode resistors R4 and R5, or a defective 
regulotor-amplifier tube, '$2. The goin of the rqulator- 
ampl~fier stoge 1s determined primorily by tube V2 and its 
applied voltages: therefore, the condition of V2 and its 
applied voltages ore lmportmt factors qovernlng sat~sfactoiy 
operation of the requlotor circuit. 

D-C REGULATOR USING TWIN-TRIODE AND PENTOOE 
(BALANCED INPUT]. 

APPLICATION. 
-, 
the d-c regulator using a twm-tnode mnplifler and a 

pentode u:upllfler is employed in certain electronic equip 
men1 w',ver-slippiy circuits to obtaln nwdy constant output 
voltaqe or zioltages despite vanations in  input wltoge or 
Pad current. 

CEARACTERISTICS. 
Regulated output voltoge to load is nearly constant, even 

though changes in Input voltoge or load current occur. 
Voltoged~vlder pr~nclple employed, using varloble resist- 

ance (electronic tuce) in series w ~ t h  load reslstance: serles 
electron tube may be o triode, a triode-connected pentode, 
or a pentode with seporote screen-voltage supply. 

Uses twm-triode differentlai o~p l i f i e r  and pentode am- 
pllfler circult to control the series electron mbe: h e  pen- 
tode amplifler uses a separote externol screen-vultoge 
supply. 

Uses gas-tube regulator circuits a s  reference-voltage 
sources: the gas rubes are fed from on external requloted 
neqatlve-voltage supply. 

Vorlotion m bosic circuit permits positive jpiote and 
sneen) or negotive (was) supply voltages to be regulated. 

CIRCUIT ANALYSIS. 
Consrol. The d-c regulator using a twin-triode differ- 

&ual amplifier and pentode mpliher is copable of provid- 
ing very stable output voltage regulation. In this discussion 
the term "regulation" m e a n s  the maintenance of o nearly 
canstant output voltage regardless of changes in the input 
voltoge or the load current. The variations in output voltage 
that normally result from conpsnent aging, changes in oper- 
atlonal environment, etc, are usually considered in the de- 
s~gn of the circult, ond are compensated for by uslng c lose  
tolerance (on the order ci I, 2, or 5 percent) components 
whose values do not deviate iron the lloninai by more tho" 
the strict limlts specifled. 

h this type of voltage regulator, regulation is accom- 
plished by olloiving the cathode-to-plate cond?iction resist- 
ance of an electron tube, in series wlth the outpct of o power 
supply, to iuctlon os a varxblereslstance, and thus provide 
thevoltage drop necessury to compensate for any change in 
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output voltuge. That is,  the change in output voltage is 
compared and onplli~ed in the twin-triode and pentode regu- 
lotor-aqplifier circuit, ond applied cs o bios voltogr to the 
wid of the senes regulator tube, thereby vaylnq the cm- 

dactlan reslstance of this t h e .  The vuyinq canduction 
reslstmce of the regulator tube, in turn, varies the load cur- 
rent drawn by the series circult and the voltoge drop across 
the series reqdatoi tube; ~n so doing, the series regulator 
tube absorbs the chmge in the output voltage. Voltage regu- 
lation on the order of 1 percent con be abtoined with this 
type of voltoge regulator, dependnq on the clrcuit design. 

Circuit Operotion. A typical d-c regulator cirmlt using a 
twin-mode different101 anplliier and pentode amplifler is 
~ilustrated :n the acco:. p c y l n q  crrcdl t sshi;.otic. E!cc- 
Iron tube, V1 is a parollel-connected twln-triode used as the 
series regulator rube. (In oppl~cotions where the current 
& a n  exceeds the current-handling capability of a single 
s a i e s  regulator tube, two or more tubes of the same type 
moy be connected in parallel.) Electron tube V2 i s  a high- 
galn pentode, and electron tube V3 i s  o high-goin tivln- 
triode: V3 functions os a mthodecoupled differential am- 
pllfier ond is the input stoge of the regulotorumpiifier cir- 
Ni t ,  wherws pentode mpl~fier V2 is the output stage of 
the same circuit. The high amplificallon obta~sed from 
differentlol amplifis V3 and pentode amplifier V2 enables 
the circuit to hove gwd sensitivity to smoll-voltage variat- 
ions. Tubes V4 and V5 aye cold-cathode, gas filled tubes 
used to provide reference voltages for operation of the regu- 
latoramplifier clrcult. The use of the gas-filled regulotor 
tubes in b i s  appllcat~on 1s sotisfactory a s  reliable refer- 
ences since there are no excessive cwrents in those bron- 
ches of the circuit. Electron tubes V1, V2, and V3 are indi- 
rfftly heated, cothode-ty~e tubes: Vl normally has a high 
heoter-tocathsde voltage rating, while V2 and V3 hove a 
heoter-tocathode voltoge rating which 1s typical for me iv -  
ing-type tubes. Because of the henter-to-cothode break- 
down voltage Limitations inposed by the tubes thmselves, 
11 1s usuolly necessoiy to lsolate the fi lment circuits 
from eoch other and to supply the filament ( h w t s )  voltoges 
from independent sources. 
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0-C Rcrlulotor Using Trin-Trioae and Penbde 
(Bolonccd Input) 

Res~stors R l  nnd ?,i, :n the grid ciicults i.f V1, me pma~ 
sitic oscillation suppressors; they me of q u a 1  voiue, gmet- 
olly between 270 and 1WO ohms. Resistors R3 and R4, in 
the cathode circuits gf V1, are included for the purpose of 
equoiiz~ng the current flaw 31 the parallelconnected winde 
sections; these resistors me a! equal vcl-ue, genaclly 
h?t;e~ 10 ord 47 ohms, dependng upon circuit design. 
Resistors R5 and H6 are mnnffted in w a l l e l  with series 
r q l o t u r  tube '(1 to reduce i ts  plate d?sripat?on. The val)ue . , 
?. .. ". ...ese iesls~ors is s$ec~d 5- il urvr -. +-.- dm, L U ~ L ~ , . .  -+  il^... ..".. 
under ail opeiatrng conditlans i s  lehs tt,m tke ;r.in;x.';- !ocl 
fcurreni. r h ~ s  will ensure o current flow thiaugh series r q -  
lotur u k  Vl ond thaeby per-iir die regulutii tc imctl;;.. 

7cn-!!l!ed !equ!qtor tub.: V 4  cr.d '!i prov~de reference 
:ol:ngr ioi the gll ilrcuits 'of '!? u.? ?'3Y, res.secti:ely. 
Porn l le !conn~ted  resistor: R18 ond R19 apply to the c c t h ~  
d e  of V4 a negouve patmtloi whlcn 1s suiilciently nlgn 1" 

msue sot~sfoctory ior.izitisn; these resistors also l i ~ i !  the 
current thiosgh V4 once the gas lii the tube is icmzed. 3e- 
colise tube Vjpovidr i ,  u irlc~iriii. ~ c l t i ~ t  l i x  ccgc!i:? 
than of 114, rts cathode potentld is acmrd~ngly node l e s s  
nqorlve by the voltage drop zcrzss ieslstor R20, whi& also 

- - - '.-.+.-- .o..-?,,. t I h o  V 5  l i  ioniz+". > a v c s  "; ,, i , , r  .,,,, ..,......., ." 
:P t, ~vricol  . . d x  rma!ztc: s : ~ : ! ,  V4xcy k Q rype ,?A2 q u s  

tube to provide o reference voltnge of -150 volts, and V5 

m y  be o type 5651 gas tube to provide o reference vol- 
tage in the rmge of -82 to -32 volts. 3y s"pp1yir.g :he refer- 
enie tubes from an external regulator negative-voltage 
source rother than connecung the rubes in the catllode clr- 
cult of the rqulatarirmplifier stages (as 1s donem sonre 
di- rqulatoi circuits), several advantages are obta~ned. 
First, the cathodes a! the rqulatoramplif~er stages are at 
ground rather than a t  o h~gh posltlve patent~al, ihereoy ciio.,.- 
lng o lnrger plate swing of the stoqes: second, the reference 
!-be 1s in a g r ~ d  circuit rother tho" in a cathode clrcult, and 
t%s operates under cormstonc-cuirwit ~ u n d t ~ c r , ~ ;  ;;.d :r.i:c, 
hr rpg-lotorarcpiiiler stage qaln is gieutri wli!, *US ion- 
nectlcn $eccuse ccnrde degeneration caused oy 40s-lube 

lmpedonce 1s no1 present. 'lie cholce cwrenl ioi tne re- 
specu:.e gas-filled tilaes, os aeterminea w reslzrais :;-, 
Rig, cnd 822, ts o cnrnpronlse beween shortened !uoe ll!e 

. . 
u~ i u r j ~  currents on3 hij:.e: - u s e  le,e: 3: lciv currenrs. 
Copocltors C4 and C5, connected across V 3  and '<;, respec- 
tively, are bypass copacltois to supress the translent noise 
cgzao!& G;, Ihe :n_s t i ~ w s .  Tne volue of these co~oci to is  
is usuolly the lorges: value recsmn:ended by the tube 
xonu!actl;rer. 
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A negahve voltage is fed i r a c  aq external r e y l o t e d  
source I3 the cathode a1 reference tube V4 throuqh m a l l e l -  

reierence ? h e  i s  a i  ground potential, the nqcnvc ua!tage 
ot the cathode ==uses the gcs  to ionize and the tube to con- 
, . ,  

ouut. 1,; u81a ::wi,r,si f i i a ~ ' ; ~ ;  ;;!~:ccc vc!:s<e ZIE. e s t c t i  
Ilihed for h e  voltoge dl:.~ders feeding the qrld ~i penrode 
ur;pill8er '$2 and t i e  qrld ol the cathade-fcllower sec t i c r ,  
V3& of the diiferent~ol ampiifier. (Tne octlon of the gas- 
idled r e f ~ m c e  tubes 1s h e  soi:e as thot previously 
described, 1;nder Gas-Tcbe Regulator Clicuit, In  Cectlon 5 
oi  this Hund'oook.) Regardless af the vdue of d-z ~ d t a q e  
*plied to h s  i n ~ u t ,  Ein, 31 the reqdoto: c~rcu i t ,  !he neqa- 
~ , J e , < u i ! q ~  !e~er~ ,~ ,ces  .z :he z::r:i!c :! '.'2 2?d '.'?5 
.;!I! be held conston! by h e  oction of V4 and '$5, iespectively. 

7he r e g ~ l ~ t o r - ~ ~ : ~ ~ l ~ l ~ e r  c l ~ c u l t ,  lihlcb. iUW515:S U: :ec:2de 
crpl:!!er V i  anc cottoae- couple^, n ~ i i e ~ r r ~ t ~ ~ d  ul:lr;tflei '43, 
uses tne cathode 1000 lmpeoarce c: cotnod; ioiiower 'V33 
os the co:lode Input lapedancr  ot  trloor ompililer VjA. 
>us, the sign01 of the ca tho j r  foiloaer is opplled kt..veer, 
the co,?t:oi q::! c n i  grouni, n h d i  th? aj:j_;! C! :h:j s2r.e 

is !t ,e ,..,L. ." .:.. ?;.. ..:-de rpl!f!er ,  nnd i s  opp1:e.i 
Le!v:eer. the cathode a rd  ground. The grid voltoge lor the 
:athade ! ~ ! I ~ w E :  IS de:~.:rn!~ed by 1k.e sct!ln,j of val tmr 
jivlder r e j ~ s t o :  R16. Tne t r ~ o d e  m p l ~ i i e r  has  o tixed volt- 
age on i t s  grid, obtaneli from the junction of vo l t age  
divider resistors R12 m d  R13. The plote voltage of V3A ond 
V?B i s  ohoined from the requlated output, Eout; the plate of 

?dl  . u?!, . ,, . ,s return& 2,iic:;" TO :he :eq;iu:a: 31:p3:, . , . , -. ' w .  - 
!he plate oi  V3h 1s returned to this potentici t h o u @  plote- 
!?ad resistor ?CJ ,whlrr 1s part o i  the v o l t o ~ e d i v ~ d e ;  n c t ~  
..+ark con;~;:lr:j 3 i  ;rs:s!ors 19, 3:C. wl: PI 1. %us, the 
ape ra t~ng  potentials a t  the r iectrodrs  of :'?A 2nd V33 ;:e 
such thot, under normal-lol? conci t ior .~,  they 2r:m:t o :re- . . 
di:er:.i;.e.! , r d ~ c  cf cxrec! !c t e  &own by \i3 ood d ~ v e l o p  
on outpzt s ~ g n o i  across piateiuud i ru> to :  RS. 

Tne output algnul a1 V3A developed z c n s r  rcsistor P9 
IS daert-coupled mrough reslstor RlO tu t h e  r g ~ d  of pentode 
n g l i f i e r  VZ. This signal, hen, octs to control the conduc- 
t:~:: :k:-.cgb '?2 W h c  V2 is conrii>cnnj, h e  current Lbrouh 
paiollel?-oducted plate-!ood resistors R7 ond $9 d c e l s p s  
a .,oltoge ot the plate  o f  V2; thls voitage 1.; m u g i d  t3 the 
i i ? ;  ci ?'I. '!?e .volrqne o! 'h, l r ids  of Vl i s  l e s s  than the 
. .'...- -. .L" --.i ",. "i ,Li.. ,,.&. knnrp 
.,.,::A,4c ,,, , , ~ , . u . a d ~ . .  -. ...., PIP -n r~~nl - lond  
t a .  ! . c ! .  ! l e  i r r r l n q  n i  v,?n,~r,ir 
:CSI-:L: 916, f creiore, ?etei-lnes th.r c8:rre?t irrocqn V3, 
ivhich irr tbr-., :;r.t;ul; L", e:::cr! :?rocqr ;L ora  Cmcreoy 
e:tcoll;hes fi.e bios for V1. Thls bias voltage 01 '41 )nit,- 
- 1 8 . .  -.., A .c:er7::::ci '."c ~!!Y'I.:P "-~?li-loon L T ! I C I ~ O I  r e s l s t ~ ~ i e  

2: ';I to x t o i n  ti;? iccired cs!;.t ,12!!c2e. b,~t, iron the 
rqulaco; clicuil. 

4ssuz.e. pow, *kl! h e  rq:;iared out-ut vuiluye, Lou r ,  

ot;e;>;ts I 3  ir.creosr, eld:ii Seccuse sf zn ir.creose I- t?e 
ii,+: ;;!:;<:, E:;., :c the rcq>!s!?r c!rnllt-nr lffn~ls~ 31 c 
c r n e x e  in  h e  load iuirer~t .  TFlr3ugk LL,e ,v;lt;ge&;ider 
cctls: L! res?s!sis ?l>, Y I t ,  cnd fi 17, c c l ; q , : ~  nigncr 
p>S:t!;? " ~ ! t , > , ~  r,:<; GcEcz:s az:cs2 :es:s:c:s .e:s 0 ~ 6  F;;?. - . . 
!?!,3 r ? \ t l l r >  188 ">. ;>#Lle2se 17. !k.C X!:GGC :p;i:* := !he 

. . 
q10ot v'35, crl? o corresponoinq oecrecse .;. ;.u .,;u; ". ; 
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Lut, remains pracucally consim:. Since x o s t  a1 the locd 
current must pass thrmgh sene% r ey lo to i  t& !:1, the tune 
stoge. As z r e s ~ l t  of the decreased bios, VjA now canducts 
mare current, and thls addltionol current flow throuqh catn- 
odr-Isad res!jt"r R14result.s in u q m t e i  voitaqe drop 
ocross rb.is resistor. The w l m g e  ot he coCwde of 1'3, m 
p n q  qnre positive, lncreoses tke bias 31 V3A and rhereby 

---i . .- . ,m- + h r n ~ , ~ h  .... -l,.. f i l s  . -  dnne. ~ 3 e r e d u c e d  ?lute 
x r r e n t  of V3A causes o smaller voltage ;rap ocross a p l o t e  
load resistor H9, whsch, Ir. e!fect, 1s a posltive-j(il:1~. signci 
GI h e  plote of V3A. ?he dlfferentiol o?,.plilie.-, therefore, 
-. , , . a  " . < -  ? ~ *  , ,~ ,..a.. ."- . ,  ..,.,. ., .... ""-.. .... ... . . . . i!!... : ' , - . :r:. 
o;>llrd to tne grid oi V35. 

7 h e  pcsltl.re-qcirq s ~ g n o l  a t  the plate o f  V3A i s  dirpct- . . .  
coda,eo :r,rCu2!1 le>,>; ,dt  ?;G tG ::,< <?.< L! ;=-.:2ic =:.:!::!?! 
V2, where i t  reduces the bios and ccuses an Increase in the  
canductron c! t h s  stgqe. Whm tne conduction oi L i  i s  In- 

a e a s e d ,  the odditlonol plate current thrauan olctei i lac  r e  
h):(ars F37 :T,? 58 >:3dcccs g G~ss!z! ,::I:,J;~ &,cc 7,-:zr,s 
;lisse .--- " - 2  'h-"", " ' - n ' r  5 1 3 ~  IC.)'.,iY'a, Y.." "I-'1", " L l _ _ r -  . -, 
no1 a t  the plate  of V2. This negative-qamq signal 1s a ~ p I e 3  
to the g r ~ d s  of Vl, where it comes the dliierence i n  voltage 
be?,>een the qn?s ond cothsdes cf :'! to increase. 7h.e 
d l l l e r a c e  In voltage between the grids cnd cotiodes of I 1  
I; ?he operating h a s  Ldr V i .  As 0 result o! the  Slos ;.d!cce 
incrw;e, the  e l f ecave  interm! re;.lstcnce oi 'I! incrws~s. 
'When the izternal resistance cf V 1 increased, l e s s  13cd C U I ~  

rent ilows through >Jl, the voltage drop ocross V1 Increases, 
and the output vcltaqe rout, of the reqclctor circuit l e -  
r;;;;c:: :!E ~ ~ i " ~ , " l  .:2!'-f.. 

k, aomn ;~r . i im :o ft.2; jd;: 6esc;;bcd uccu:s +.i:e!: !he 
ieqiloted ourput voltcqe, E a u t ,  arter::pts tu decrmse. - ~ . .  
.nrocsh the vol togedvlder  action ot res~sto-s ill;, 3 : ~ .  

w d  P!;, he bja:, voltage an ?he grid oi \'?B IS :ncressed, 
since il sligh:ly !-\;t: pos,!,i.e 7cien:lal na:; exis:: %:as; 

ress to is  Rl6 and R!?. 4s n rcsult o! the increased bias, 
'J3E ~o , . ?  mr&c!i  l e s s  tbon current, and the decrecsrd ciir- 
rent flow throuah cathodelood resistor R14 cabses 3 szal- 
!a vc!tc;e die? t c  scc-r acrcss this res?s!or. ' b e  v o l t a y  
fit trrc cathode u i  ""'3, i n  3cln; ne2;tl;:, ICLLUILL: iL.6 t;:; ;,: ' ; 3 -  ;.,: l t e re~ i  ..:.,."u, ......, ~ >, cs?.:"c!.cr. :b.r3dy. 5 s  st: jc, 

y:lc jr,crecseL plate cmer. t  2; :3!. z z ; z e s  ; 2recte: ,LC::!:,:- . . .  . . Io, - ,.I. ; c  .. . . . " "-resb >l:te:>,J'o rc>.aL,,, :=?, . . . ! , ) ~ i , ,  .,. :...EL., .. > 

or~?t lve-yoing sl;nn: ct the ?lotc sf V3A. This ,C II.... 
qoinq slgr.oi 1s dlrecr-coupl?d t!?rcl;qt, resistor ' - i u  ta t r , ~  

. .- . : 2 . 2 .  : ;:,? :- :I !l-'",i..i 75- : ,  : 
- -  -- . . .~-." ..,.,, ," 4 , -  -?- 

.ma: ., ad..;. A .-...... ... . .  <,Z!!?l ?; "/. ! i - v  'L 

' - . . i  ; ..l.lllil" _..,.> , . . . . .F . . . . . - . .  . ~ . .  
. . .  b;d:c- l~<~,  resjs;ars s7 ~ 7 . 2  ?E,, :22:riy c:~,?~:!!:: a ~ ~ 2 ~ ~ ~ r  

~.. . . . : . . , . .-  ._ . ._. - .  . ~ . .  . . _ ,  . ~ . ,  .~ 
t!:i piare cr 'Vi (on: :ne 7::"s U! i I ,  ?:ICICU~C> 222 ;jdlri 

. ,. , . 
r .  .. :88,vlw!!,~? ., .,-,!tz,,.~ 1, ;,sr. :.,L ::.,!z :r: ;.::!.z:c: 75 
.. . -. . , ,, ,-  - rw - 2 . : ' L - - .  .- ..,, ... \ L -.,..-* .,> . . .- " .,:1> a~?~.z,.~~ t~ , , .,...u.\ 

' qrlds occ c3:hocts ot \11 15 tt.e 03entin7 b13S I:: .1 i. k s  
2 r e s d t  31 the S i i s  v c i t ; ~ e  ?e:re-se, Lm.e eiiect!ve i r : t e ~ . ~ i  
rc-clstance r !  Vl C,CIP?P~.  6h.e~ :PC . r t ~ m m  r ~ u i s t ~ i : ~ ?  

' : , ! , . - ! f ! , .  . , ,  
.. .--- A"- .-.a - -  v, .;,-.-., ~ G c  " n . . * * r , v , , T . , . , ,  ~; .,-* 

Y Y I I . . _ C  Y-,i Yiiw".. 1 .  "-" llll.l, . - ~ r . ~  . . ~, 
' 0 ;  ~ h -  C V ~ , ~ , ~ ~ J , L ,  L,,LUA; ,,,L:?~cses :G 1:- :;::,:.:. .:z:::. 

, , 1 . . . _  _.___:_._r 
..,c --, .-.. - dL dL..L." ... : 

! , $ I , ,  :,, ,,;Ir i ~ ~ l ~ z t ~ ; ~ , 7 ~ ~ ;  cz:,:L?<Ls?,e;, !b,e -..tp:t . , - l r y ~ ,  
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the correct vall;e, since the lack a! mpu: voltage from the 
ossocaoted power sapply and f~ l t e r  circuit will couse c lack 
of output voltoge. With the d-c voltage removed from the in- 
nust be copable of passing cansideroblecunent. In sane 
circuit appl~cot~ons ?:here the load current requlrenents ex- 
ceed the copob~litles of o single tube, two or nore identicol 
tubes ore connected in parollel (as the sections of twin- 
triode Vl have ken paralleled) ~n order to obtain suituble 
regulotlon charcc:eiistics ond current-hondllng capability. 
Also, in  order to reduce the plate dissipanon of series r e  
wlotor tube 'Vl, resistors can be connected in parallel with 
the tube (as resistars R5 and R6 have been connected in this 
r ~ ~ j l d 1 ~ r  c I ~ c u I ~ J .  

' h e  output of the regulator c~rcuit is coupled to the 
gtld of the cathode-follower section. V3B, of the differential 
amplifier through coupling capacitor C 2  Any ripple cornpa- 
nent present in the output voltoge 1s a:npllfled in the regu- 
lator ompiffier, and, since the circuit i s  ha;~cdly o negative- 
feedback circuit, the ripple canipanent is suppressed. As o 

~ ~ 

result, the reguloior circuit is sensitive to any voltoge 
changes and is very effective in removlng any fundamental 
r~pplefrequency mxponent which i s  present in the regulated 
voltage o ~ t ~ u t .  Although thme ore rrony vaiotions i n  the re- 
gulator-aaplifler circuit conf iq~r~uon,  the function of the 
regulator circuit re~ncins the sarme, thot is,  to supply o re- 
3.11~:ra outp~t : x ! : z , y  :0 rke ;cad vhich is mde.;eode-1 cl 
valotlons in lnput voltage or changes in laod current. 

FAILURE ANALYSIS. 
General. The d-c regulator using o twu-ttiade and pen- 

tode regulator amplifier includes sei.aol components which 
are rather crlucal and thus directly affect the operotLon of 
the regulator clrcult. For this reason, the resistors in the 
regulator-anplifier clrcuit are normally closetoleronce (on 
the order of 1, 2, or 5 percent) resistors wlth good te-pera- 
turestobility inoracte"stics. The operation of the circuit 
will be impaired if these :esistors should change in value 
for any reason. Since the regulator circuit ottm~pts to hold 
theoutput voltage constant, it is usually good practice to 
determne whether the load current i s  wlthin tolerance before 
suspecting Double within the requlator circuit proper. A 
load-current measurement may k node by inseung o mil- 
liocvneter (having o suitable ronge) in serles with the out- 
put of the regulotor circuit. Alsil, a vo1togemmsure;;ent 
should be rlade at the Input to the regulator circuit ta deter- 
mne whether the unregulzted vsltuge output from tne power 
supply (and fllter circuit) is w~thin tolerance. 

No O~rpu1. In this d i  regul~tor Circuit, the noilutput 
condinan is likely to be lllllted to one of the Iolloiving pos- 
slble couses: the lzck of filmlent voltage opplled to serles 
requlotor tube Vl, :'.e lack of opplsed d-c voltage (lion the 
assoc~ated pawer supply ond filter cncult), or o snort-ar- 
cuited load (~ncluding output capacitor C3). A visual check 
01 the gloss-envelope series req~lator tube. V1, should be 
nade tu deterlnlne whether the fllarnent is 111; if the filmeat 
1s nat 111. i t  .:oy ue open or the filament voltage may not be 
opplled. The tube illanent shauld Se checked for mntlnuity; 
dso ,  t6e presence of fllament voltage at the tube socket 
should k dcteimned oy measurement. The d-c voltage op- 
plied to t he regulator clrcult should be measured at the in-  

PL: (plate of '$1) to deteimlne whether I: 1s present and cf 
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tlon of resibtor Rl5 is open to CLI off V3B, cr thot reslstar 
R13 1s open to muse the heavy conduct~on of V?A. 

If pentode amplifier V2 has low err~ssiuo, the voltage 
hop across plate-load resistors R7 and R8 will be belo:u 
put to the clrcult, reslStMce nmsbrements son be mode 
ucross the load to determine whether the load circul:, lnclud 
s capxilor C?, 1s shorted. (The resistance measured 
0 ~ ~ 0 5 s  the load circuit wlil normally be something less than 
the total value of the voltage-divider reslstois, dependlnq 
upon the load clicuit desip.) 

High Ourput. The hlqh-output ccndltlun I; ~sual lv  caused ~. 
4 a decrwse in operating blos far the serles regulator t u b ,  
V1, *ih>ch, in turn, causes the tube to decrease its internal 
resistonce and permit the regulator output voltoge to rlse 
a b v c  narrol. Rerefore, any defects in the ele;.tronic re- 
gulator circuit which con cause a decrease in the operotlng 
bias for Vl should be suspected. Valtcge measurements 
should be made at the socket of Vl to  determine whether 
blos (cathode-10-grid) voltage i s  present. The serles regu- 
lotor tube, V1, lnoy be checked by subst~tuuon of o tube 
knawrl to oe goad to detirmne whether the rube i s  defective 
(gld-to-cathode short, etc). 

A visual chck  "I gig-filled regulator tube V5, ~ h i c h  
provides c reference voltrrge for the operotlon cf the cothode- 
f;illower section (V3B) of the differentiol alnpljfier circu~t, 
should be made to determine whether the tube is conducting. 
A vsltoge mwsureneot mode bevneen the cohade and plate 
of VS 1,111 determ~ne whether sufficient negative valtoge is 
present at the tube to cause conduction. If the voltage is 
more negative than normi, the tube may be defectrie; c 
tuw known to be qocd moy be substituted to check for pm- 
p a  operation of the V5 reference-,gcltaqe c1r:uit. I! the volt- r\ 
age measured "cross V5 is less negotjve than normal. 11 1s 
likely that resistor R20 has changri in volue. 

k .,isual c h ~ k  of regulator-o:np!~i~er tubes V2 and V3 
should be nade to determine whether their hloments ore lit; 
21 the filaments are not Ilt, they may be open or the filament 
vcltagc nay not be applied. ?he tube fllonents should be 
checked lor continuity; olsa, the presence of filmen1  volt^ 
oge ot h e  tube sockets should w deterrnmed by measure- 
menl. 

Ihe bias uoltage; appiled to V2 and V3 should be meos- 
ured to determine whether these tubes ore mproperly biased, 
caus~ng the operotmg oios on Vl to decrwse. Assum~ng 
thot VS and V5 ore cor.duct~ng normolly to provide the pra- 
per reference voltages, 11 the ,icltaje ot the qrld of V2 or 
V3B 1s k l m  normal, there will w a n  inaease in the bias 
on the respecti.ie tube. In thrs cose it is pss ible  thot re- 
sistor R9, R10, or Rll has chcnged in volue to Increase the 
blas cf V?, a i  :hot reslstor R15 or R16 has chonqed in  value 
to Innease the Dlas of V3B; i n  additlon, on Improper settmg 
of variable reilstor R16 w11l a!!ect the oms voltaqe at the 
grld af V3B. A hlgh output from the regulotor also will r e  
sult when the voltage at the grid of V3A i s  above normal, 
and thereby cause a bias decrmse on this stnge; a change 
In the vclce of resistor R12 or R13 rv~ll produce thls effe;:. 
If V 2  or V3B 1s bmed to cutoff, or if V3A i s  csrduztlng 
heavily as a result of a high posiuve volmqe at ~ t s  grid, V I  
will be mode to conduct heavily a s  o result of o decreased 
operating bias. In t h ~ s  cose, it is likely thot resistor R9 or 
RIG i s  open to cut off V2, that reslstor R15 or the top por- 
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hloh positive voltaqe will be ploced 'm the'grid a1 V3B if 
tne bottom portlon 01 resistor P.16 or resistor R17 1s open, or 
i f  copacitoi C2 rs leaky or shorted. A bios suIficient to cut 
off V3A w ~ l l  result if resistor R l i  i s  wen; olso, an open 
cothade resistor, 8 1 4 ,  in rhe difiereniial ampilliri  will cut 
of! V3k. 
riullllol, ,;ir>e;uic, iicr ",us "f :'I w,:: be :eiiiiisei YE: 2 

hiqh output Iran the reguiotor wlli resuit. Under l'hls circun- 
s tance,  a tube k n o w  to  b e  good shuui i  Lr substltutrd a t  
V2 ond operollon of the circuit ooserved to de1ennlr.e ,wheh- 
er olae V2 is the cause of the troude. 

L o r  Output. The  1c.h.-output condt ion c! the  regulotor 
1s usually caused by or increase in  upaat lng bios for the 
ser les  reqdo:or tube, V1 ,  I I ~ I C ~ , ,  :ri :J:c, .-UUSE~ Lh,e :;be Ic 
,,,~r~,,;t , ;s  ,,.;~;i;; ;;;:;:;;.;t ;;.? ;e:::.:: :kc :;qcI;:;: :;: 
out v n l t o q ~  $7 fnli helnu; nnmnl. ' inerefore ,  ony delec's i n  
ti!e rircnon?; reiulati.i s i i c i l I  which car imze 3; i~zie;l.;e 
~n tne operatlnq ~ i c s  for Vi snould k suspected. Yioubie 
~n one section 01 V i  (such a s  ioiv camode emission or an 
open tube element) will cause c redurtlon i n  the output. I h e  
t h e  moy ne checked by s d b s i i t ~ t l o n  o! o tube known to be 
good to detrnninr uvilehrr tor  tube is d e i e c x w .  Lcl:~ge 
meosure:-.erts S ~ A O U ! ~  Se .mode c t  h e  sscket  01 ',I! !a deter- 
m n e  whether 5.e mas (csthode-to-gild) valtaqe i s  excessive. 
f i e  equoliz?c: resistors, R3 o r 6  P.4, i n  the cothode clicu!ts 
of V1 should be mensured to d e t e r n ~ n e  thot neither one is 

i open, h o t  they h0.w not lncrecsed i n  value, and that they 

.n ore of equal resistonce. 
A vlsuol check of gcs-Illled regulotor tuae V4, which 

p~ovldcs  J re;erer,ce .~:~i:cqs :GI ~e : j e r ~ c x  21 pec:oas cz.- 
pilfler '(2, should ac made to determine that the tube 15 

cnn?uct!nq. 4 volt or^ v ~ o s ~ l r e ~ c n ~  T I U ~ P  DPtIYPPn !he ~ 0 t h -  

ode : c 1  i . l z ! ~  LI! ?4 ~ : 1 1  e t c r : x ? e  -.h.elher iu!i~c:ir:  ,::I!- 
oqe is present a t  me woe to cmse cunducuorl. if tiir v ~ i t -  
age is more negauve than norrml, the rube :iay a e  d e f a t i v e ;  
c :;be k:ci:r. :o be ;:zd x c y  bc sxb:i?::e? :c c k c k  f:: 
proper cperouon 01 :he ?4 reierence voltage clrculr. il <he 

vultuqe mwsured UCIUSS V 4  15 l e s s  necptlre than noinmi, 
11 is likely !hot reslstor HI8 or Bl'i 1s open, there% pro- 
vldlnn 3 vo!!oge w h c h  1s r ~ t  s ~ I I ? ~ l e n t l y  ne.ptlve to :ou;e 
,."~. ,, .". .-be V4 !c':v?!ze. 

The or05 valtoaes capi le3 :o '42 ~ n d  'J3 shouid ji imeis- 
we? to deterrune whether these tubes are IrnprcperIy b~ose?, ---.'-* . 

"0 .... -?"--,'.. .r.. ~.~ . . ,  i,.< ... ?? Vl !n i lnezce, 4ccll-.i": hz! 
'!4 ,cz? <;5 c:? ?~~:!:.:ti?> ?,c:;cz!!.; tc  id? !$? :c:,-r??,? 
,,nr,"-cz , +  Vh,, ,,";*""o "* .b0 -.,. n, ',, , ", ,,> -  , *  --*,,- . -  ... .--..... ...- ...... .. 
me.-- ,I. ,I ,  :-c:.2 .?!! :< 7 ,:e-:e27? :-, :!? :i?: ?- :b,c :.r:.-e:- 
:.vc t u k .  ::. : ! . :z CCS?, i: :" ;3-s:>:< : x t  LC:".-:;: :<s, ElC, 
or PI1 hos -b(ir,:~(i i n  v a l : : ~  to decrrns- thp h o s  of V?, nr 
,h", .<.-,. -,.. A,, ." .  , d , ?  r 7 c  -*c"ned ,* .-# ~- *--,, . . . .  . . . . . . . . . . . . . . . .  
:he hics a1 'l:!E: :c cd?:acc, n :rnz:s;;.: SP:::~.? a! .;o::- ~. . - , , , . 
<die tF:~otut .ALL V?LAi L i i r ~ L  ,f.L 2 J G b  ~ u ~ L G , ~  a, :r,e , , r> : 
ct 'i i l i .  :I !T>. ,"I.+?!,? t r m  ?-#- r-2 ,17,"? gl?p ,,;,jj 

.vkle:> t!.e ! ~ I ~ c < c  ,ct trte ?r:J u! ,:3.; la s o h  :~.2r:rj21, 
.L*,*L,, "",,C" - k," -  ,"".""cn n" *L<" ".""". - -L---" ,- .L- .......................... , ~ ,  ,. ......, ~ .,. .,.L 

oi r e w s b o r  212  ~r El: v.111 zrwv:e :!,is e f fec t ,  li .<2 
5: '< 3 3  ! S  t13se3 b; ,? P l > t ,  G?.s : !~  != ,>?~!,:>? 2n :!:. 27..! >- . i . L .  ... 2^*. L . . . i # . .  .................... ..u.." --.., ..L" ..... 2: .: '.'.!A i; '.,;;.;.; : c  . . , i s '  " 1  : , !  t L . ! .  1 : : , , ;;# 

lrcrrase:! oprrl1lr.s mas. In t r . 1 ~  mse, :: 15 ;:neb :rJt 
I '  a : ,  fir t . I , . ;  , - j , ~ , # i v . ,  

tilus 0lucli84 I. i . q i l  pus i t lvc  ri i :uqr un trir rrl; u i  lii. A 
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It i s  pcsslble lor the s y n p t c z  a! z h14h po>lU,:c ~;;l:~gc 
ot the q i d  of '112 or V3B to Se cacsed b,y a delect in the 1.91:- 

age r e l e r ~ n c e  circuits. Fir e;tar.ple, 11 capasltcr C i  or C5 
(paiollelirrg reference tubes ;'4 and '45. ;espic:;:cli) ;; 
l e G i y D ;  sh,3rted, .L- -..A. - z  ---.- A " " - - , . ' " .  ,,? -..A "-*h 

" 'C 'J"U> U. Yiii".i_.ii "'. ".," i"i,, 

ode fsllawer 'J3B m i l  be retbmed to y m r d  :ns:ecd ;I r; 
.L... .,,.. .,,,,,..L ....... i.." ..*, -^^" "-.. ..... ..^,*""^ ."..",u .̂ '"T".̂ D " , n r , I .  .-.. ?.. .. .. ....... 
h e  voirage dlsrriburion across m e  ruspecrlvr rs l iuyr <;.,A- 
era nlll h zuch :ha; :he i . ; l :~~e  o: :he ~ : i  s! '.': :: '7% :; 
node more pasltlve. Separately, the voltage a t  the grid ii 
, ." r i  wLl a? more posl0,;e ;! :eierscce ts3e 'i.1 1s defa:i:i-, 
and a sl:,;lr;r car;dlt~on :::li be r . - td  icr h e  glc  c! ';'32 I! 

iesls;;r 2 3  ;; upen. ';he result sf *it. oi t't,c i~iepc , - - -  3 l i i  

:e!ects >;:I! be an lr-ez.;e :; .:? >I:S ~n ;er~e> :~:;~i:. , ,r  ... . - . .  4 .. . . . . . . . . . . . .  . , I  . ~, . - ,  . ........ ..................... , . 
If olote-load resistor R7 cr ;RE ( k r  p t r t cde  ar:bl;!:cr 'j3 

lz +er:, t!.e :!,as , o ! : 3c5  o;>l;e,j :: !b,e ;:,j: 3: ,,'! .:<:!! :c 

. ~ u d e  ! ~ r q s ~ ,  c a ~ s m q  a d e c z e ~ s e  13 ?,e re~cla::: = ~ t p ~ t .  
. . .  . ." . . 
.%is;, 1: ! ~ s e  'YL 1s s r j o r m  '>::c :~:.G~CU:>; I:LU..'I:,, ~ 1 : -  ,-,,.- 

. . 
oje  d io j  OC;05S >13le - IUOC I ~ ~ ~ S I U I ~  9; a.0 is ~ i i :  i~ CACC.. 

slve; fierelore, o tcze k n w z  :o bc ;ooi snm!d 3~ i.bs::~ 
:xed 3 . 7 ~  3je:;:::- 31 !he C I T C S : :  nDser?,ed :L' de!s:l:r id 

whether vdae V2 is the c a s e  ot tqe uoublr. I1 cl:lerent!a; 
a.-pllfler :ube V3 has   la,^ e m s s l o r .  the valtcge dror across 
its picre-loud resistor IH91 *il l  ie ;el;- ;.o:iii!; :L.eie:cre, 
tne a a s  oi  'Vi wlil be decieosed, 2nd :n t u n ,  i x s e  cn Ir- 
crease i n  the h a s  of V1 an i  a d e c r w s e  1:: the m t ~ u t  oi the 
rqulotcr .  A t u x  kncwn to :e 7 x 6  s k w l d  su."r:,wled 
a t  'J3, ond cpeiatjon ai the c ~ r c u l t  11;serued I:, detcrcllne 

, ,- , ......... & , i C - . i r  .___C i; :L ::iC i J - i U  LI ::.e L::=L!T. 

A5 seilrloneo previousiy, excess!;-. lau; ru;:enr i ; l l  

ccilse the i l l b u t  va::uje ti; bt. :w, c;;s;:;!l. ii ;i;e 1-22 

. ~ 

1- ,c d ,-r,en: . excrecs the ra:;n; zf !:e pcwc  52j3::.  !:es~!!~ 
!I. 3 i ~ r n o c e  !n t l ~  n p p I ~ w  Y O I - O ~ P ' ~ .  FOT : $ P O P  .P. 

b x s ,  output LUGUCCLU C3 sk~cdld x c:.eckec :z ic.cr;:.;:,e 
,., . , 
..net?c: 1: :c ;s::sicc:c :;.. !e:*;' 3:!2:! Cg".-C:(?: Z2..:G 
result in  reoucri o ~ t b ~ t  rs i toye,  olUluujr t:le reqb.0.::-il.;i- 

p1:Iier a i s u l t  ('12 and V3) n c y  3e fari:ior.~nq no:i:olly tit 

stl!l be unable t c  coxpcnscre !or t'ce ce;rrusr 1:: OU:UL:. 

Poor Rsgulotion Choroctsrist ics.  .I/L.!:~: :?::2>1!::<, 

SIC'# res:~cst, D!C, 3 : ~  trq.nl:i;  :ua,o,! -; * a s  d: "11- 

baluncm triode sec1lcq.i ir ccr:es :e-.li:t?r ' >be  :'l r l i -  

mIcq,-~r i  ~ n t h n d p  r i = ~ . ; f n r .  p i  .;ri '4. 1: <r!ml-! : '~ i .  ::I.!':!>: .. ......... . qmrl!, lmr : , , ,  iqp" 2, :,,- ,n r*.:, : 1 . , , r . ,  :.. 

::!:!el .'22e ,qi,"'..,." '" r ::e:, , ,, :7,: , ' ,:r . . .  -" . . . . . . .  . . . . .  ..,o,.. ........................... ......-..-....... ... - .......- - .... - . . . . . . .  .., . - - ,  . . 
cmc :ne op2iled vol:oqes ore i::,boiiant ructars .jai;;.i-.; ... ........ q- ..7v,,,,pr2! .... : ,  .,,,, .........,....... , ., . 

0-C REGULATOR USING PENTODE AND TWIN-TRIODE 
(BALANCED OUTPUT). 

APPLICATION. 
T 4 ,  , ,  , . - - . f - . -. -.... ....... .......... .... " "~-." . ?  - 

*.,"-a 7 " , , , , , ~ ?  , c  ,.,=. . -  .-a7,q,p ,:~-,,?-,- 2-. ,> - ...... ... .......... ? - - ?  

....... ." , .. ..- .. . -. . - . . 
. - - - - - . . -. . , . 
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ELECTRONIC CIRCUITS NAVSHIPS 0967-WO.OI20 VOLTAGE REGULATORS 

CHARACTERISTICS. sis tance o f  m electron tube, in ser ies  wlth the ~lutput  of o 
3 e y l a : e :  o - 1 9 ~ 1  Y O ~ ~ C ~ B  10 1002 1s n e c ~ l y  constcnt, power supply, to functlon os o vorlable resistance, a ~ d  

.>en tboujh c L ~ r j e s  i n  :"put vo!tc2e or l o a i  current occur. thus provide the vol toje  drop necessary to compensate f a r  
'L'slta?cdl,,~Cer ?rinclple employee, u s l n j  vc r~ob le  m y  change in oiitput voltage. Tho1 is, the chonge in output 

rc;1st3nci (eltcrron 1;Sui in serlts w1t3 load reclstance; voltoqe 1s corrpored and amplified in the pentode and twin- 
-tries electroc e he mcy be a t r l ~ d i ,  3 t r ~ o c r c o n n e c t c i  t r ~ o d e  regulator-amplifier circuit, and applied os o t los volt- 
;er:o?i., or c pertode wlth separate screnn-voltzqe supply. age to the jrld of h e  ser ies  regulator tube, thereby wrying 

Ilscs 2entade onpi i f ie i  and twin-triode dlfferenti31 the conduction r e s i s t m c e  o f  this tube. The vorying con- 
-n:p:lilsr 13 :3r!i01 the ser les  electron tube. duction resistance of the re7ulotar tube, ~n turn, varies the 

'.:ses ;;s-t~be requlatcr a r c ~ : t s  2s  reierer.ieia!tcqp lood current drawn by the serles circuit and the ,ioitaqe 
smdries .  Jrop ocrass the ser!es regulator t ~ b e ;  in so  dolnq, the 

. . 
,~ori311w, !ri  5 3 s ~  C L I C U ~  permits ~OS!I!YP !plate and seiles regulator tube cbsorbs the chongr in  the outpbt 

screen) cr nclct ive (C135) s ~ p p l y  voltoqes to be reqjloted. valtaqe. Voltage requlutlon of opprarirnately 1 percent 
can be atmned with this :ype of elecrronic d-c r e ~ ~ l o t o r ,  

CIRCUIT  AN.4LYSIS. depend~ng on the circuit d e s l q .  
General. Tne 3-c r e j c l a t ~ r  J S ~ P , ~  a p ~ n t o ? ~  onpllfier Circui t  Operotion. A typical d-c regulator clicuit uslr.3 

and II t.+:n-tilode ?ifferen!loi arrpllfler ! s  cspable of pro- o pentode ompl~fier and twx-triode differential arnplifler 
,,!dm2 very :toale outpdt ~~oltacjt.  re;ulot~on. I n  t n l i  31s- 1s illustrated in the occornpanyinq circuit schemotic 
cussion tt.e term "rejulotlon" means the momtenonce of o Electron tube Vl i s  o parallel-connected twin-triode used 
net:!., constcr! 3u tp '~ t  v ~ l t ~ j t : ,  re ;ordle~s of chon;es in a s  the seiles regulator tube. (In oppl icot~ons where the 
th r  icpu; ',cltc-;e or t i e  loo3 current. The  varlutlons in  current droin exceeds the cilrrent-handl~ny copobiljty of o 
output ~voltoje th-t normally resilit fr3m component o,qlnq, s m j e  serles iequlator tube, two or mo:e tubes of the some 
cncn j u s m  cperztional environr.ent, etc, are usually con- type m q  be connected in porollel.) Electron tubeV2 is 
sldered i n  the i e s q  of the c l r c ~ i t ,  ond are compens,xed another twm-trlode, m d  is used os o cothode-coupled 
for by usin,; c l o s r t c i e r m c e  ion the order of 1, 2, clr 5 differential ornpllfler stoqe. Electron tube V3 i s  u hqh-goln 
percer t )  ccn~ponents whose values do not deviate frorn the pentode ompllfier. Tosether, tubesV2 and V3 function as 
nu:nlnal 5, nore thcr the strlct l l n l t s  specified. the re3ulotor-ampllfler circult; pentode V3 1s the lnput 

I n  tills typ? ai v o i t a q ~  re;ulotsr, re;ulot?on is accom- s t o l e ,  and twin-trmdeV2 i s  the output stacje. T ~ b e s  Vi 
p!lshed by allowinq the cntb.odeto-plate canduct~on r e  and V5 are coid-cathode. jos-lilled tubes used to provide 

R 2 

E in 

IUNREGULATEDI 

D-C Regulator Using Pcntodr and 
Trin-Triode (Balanced Output) 
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ELECTRONIC CIRCUITS NAVSHIPS 

reference ~vol t iqes  131 05e10t1on of the regulator-ompillier 
z3r:d.t. Tne 30s-flllc? re<dlotar tubes in th!s o p p l ~ ~ a t i o n  
iitsi-l.'--tCI. I..LI.. . . e . , ~ ~ ~ c  .efirenses s m c e  there ;re nc 
cx:c;s:;i :.iiir:s i:, :h:ss ::,T.c:,c; of t;; ;;;c;;:. El?;- . "  . . 
:rut I Y X S  4 I, ' 2 2 ,  m7 ' J ?  z ~ e  in?l:ec:ly YC::P~, c o t h o c ~  
..-.^ 9 irr. 1'1 - ^ . - ^ l l . .  "^.. Lnntnr-ll---n,inio ,,"I,. .,.- _ _., . . __, _ .._ . . . - -. -. . - - -. , , . - - . . . , 
o l e  r a r l n i ,  mile 'r'i an5 ';; :nave u ileuirl-tu-cuiiadr vuli- 
,jqe rciin,; .,,L.-L . -  ... ".--I '". ..".<., *-. 

. , I ~ ~ , ~  ,rr,Lu. ,-a .s.e..~,,~ typc :;be;. 
E+;JUSE of the b,ezter-to-ccthoie nreak?awn voltage iltnito- 
::CS ~r ip ;~eL  :\I tb.2 L J ~ D J  tk.emseives, i t  1s rsuolly fiec- 

[ c,co, .  .*.? ' 
, i-.- ..,c ::lnnerr clrcults i r x .  e3::, :.:her ar,i . , 

t: 4+,., - we tll::,cr,! (iiic!er) V C ~ ~ ~ C S  f:30: independent 

. , ., .. " 1  , ".. . " '  - . . - , , , : , . , I  =Grlu, ~ 

~ . . . .. ~ 

: i a I s t o r  :t.ze . 1, c:c pcrasltlc ssc:ll;t:an scpp:essois: 
, :I f - '  . . . , , .. ;:...r~dl/ . ' a  Le:wicr 270 ~ n 3  1000 

. ,  ~~ . . .  . ._ . . .  L 2 , . .  - . . uL. , , ",." , , .,. L"..,~L- -.,-" .,., .,, , ., 
A V  ::.-;J.:C~ 2.t- ~ ~ r ) u : , e  :I e q u o ; l ~ ~ n , . ~  me current lid* 
.z ~rle g o r ~ i i e i - c o r ~ ~ ~ e c t e ~  :;,die s e ~ ~ ~ u r m a ;  t h b e  r e s ~ ~ ~ w ~  

-1 ..- .,-! "-1, ~. ,e ,  ;ene:o!ly between 10 cn: 47 ohms, 
:epr--:r.; : p x  :b.c C:TCLI! ?es:q,r. 

... 
l k e  rcxi3tar-ampl:l:er c l r cx t  -?;lslsts o f  p?ntoide 

oriplllier '43, used as c s l n ~ l e - m d e d  input stage, cascaded 
nttn ~ o t i , u . i c . - i . ~ o i ~ . n  ,irifrrrntlill onplifler VZ, used as a 
huiurc;.l o ~ r p u t  stu.jc. TI!? It-tt-nard sect:on of the 
jlifererti;ri o ~ ~ p i ! l ~ e r ,  Vik, Iunctions 5s a triode amplllier, 
an? the rl:ht-wr? section, Vi3, I ~ n c t l o n s  (1s o cathode 

5 -. io.;ower. I r e  boiuncri  :on:igjrcr?as oi :rln-triode V2 
. . 

-9 n .."I.... . ::. ,. L.3. :I..,:-, ^ :.-..::i ..:i<_p .-:.2- 

ac;.;. J! cc m p ~ t  il.qnci 1s ~;cpl led to the grld oi  the 
Ln,>.. < 1 ,  

. u , . , u u ~  ,c.....vcr o x  ::.e L:Ju: S I T , ~ ~  1- :&en Ira,,: :be 
;i;t-. ::: ::- tr:sl,- :~::.ci:!!~r, :i~ c ~ t h a : ~ ~ o : i ; l ~ ( !  ??It~rm:1a1 
. - - I  8 . .  . ' I  L _..- - *..i . .._"nA-^- ""A ^ .C,c "...c..'.i. ....' ,.r.i " ,  ,.*.. '..r", ..,,*& --.-e ,." ,, 'a- h:$ 

rp~:!:cs!?on 'W:!P,C~! S!TCI inversmn Cetvvten !he input 
~ n i  . ~ = C , ' ~ I I ! .  ? i s ) ~ i o r  P i ,  ronnec!ed to tnr  source of 
~ t , r ~ ,  . ;~t?s ~fip- t  ; ~ : t ~ q e ,  El,,, prc?i<es p k t e  .;~!taqe for 
::::;; :::;i:!:c: ? ' ? A .  Co?!rl! q::i \'c!!g;e !or this sax!" 
s tose  1s obld~l ; td  ircm voltaye-divider res ismrs R6 md 37, 
ionnscted airsss h e  reqilated output vol:cqe, Eout. He- 

- .  
s!;rr ::Y :; 2 ;ormsn resistor lor l r l o i t  ori.i~il.-i V2.4 
-.n3 ; > t c ~ , i r ;  f o l l ~ w e r  ' i /L?.  

J a i - i . i l ~ i  i ~ ~ , l l a t a r  tb5es'd.i  or,^ VC fu;rl!;h reference 
:ci.c7~s ;,:r 0 - ~ t c d r  n r o l ! f l ~ r  V3; V 4  is i n  the cathode 
r:rcL:!, 2-5 V5 :: !r !Lp con1rrl jrmll - l r r~ l l f .  RCCISTOTS 

. . . . .  ,. !#J :p! - 8 .  c?nr,&,-,G> ,n <-.,+. w,,, .e,ar,,"rv ,,,,,* $ 3  

.~ , ~ , . ~ , , v ~ , . , ,  ...,. F,,p,,,- wii- t orr~v  rr.i ruli o ~ r p u i  
, -  .-.,. -. ., ." ,~," . ,  , , -r  .< ,$, ,2 .~.pe, . .a * - .7-,,-r . - . , . , . - . . . . . . . , - . - . . . . .- ... - ., >... Y 

>rrlkjn> 2oten:lu; XI> ; ls i  to act  3s zurrent-lim~tlnn ies ls tors  
"--- 7 - ?  I 'PC. ' ?  1!~717+:.  ln ::: , : : l#:rn,  reS!sturs. , < I d  ,lrml 13,; 

!c:!r!icr. JS i ,io~!~,:e !vier !- provlie tie i-c apermtlr.j 
. ~ .  . , : . ,  

~ u , z , , , , u ,  ..,. .;-rLL:. d.2 :: +-:.:cdu z::,L:.:'2: '-2. 
.-l:::= , , , ? i ! z e ?  for rce U P T V V J ~ ?  <:...~,i~l!er 1 5  l ~ ~ r , ! j b : z v d  i L y  

rt.ji!nti; 3 i t p ~ :  tir~i:?. p I c t ~ I c C ?  :es :~tzr  39. Cop3~:tor  
,. , , . ~ , r nn r i i r t~n  I ?  p?r,?il~I *.!ti T P ~ P T P ~ ~ P  f l l k  V4; I s  n hy- 

.- ' . upuL.t;r ,*nn.z j i3i .12~;  G l ~ . ~ - ~ ~ j c ? ~ ~ : c  pcth a: :k,e 
. , . . i r - s : c o l ~ ~  rlcrlc 1:Pouercv (:~.miiy 120 cpsj.  to ieouce 
. h n - " ~ - , - . ; b * ,  -,,,-? ." ."- -*.h0A0 - ,,?,,,, "; v;, -u-.-...., -. ... .. ~ .~ ~~ 

T . .  " 8  , - - I  --" --.. ". , ' ,  ? .--,-- k" ,,,,en- . " " . .., r . _ . , . _ _ _ "  __. 
3 \J,UC *>r,,cr. 6:Iers LC* >tmy:\.,ar,,:e 16 K C  p"~"er-sd;,p,y 
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ilpple frequency m c  a i.clue iv!l!ch 1s not s3 large os to 
ollect the noimcll cperotmn o f  the reference tube, V1. 

Gos t h e  V5 is In ser ies  ~ t h  voltaqedivlder resistors 
812, R13. ml 8 1 4  ncrosi the i ~ ~ u l a t e d  output, Eout. 

Because this crror;ement permits ~1 lorget percent3.p c! 
h e  n;~ tpu t -va i t a~e  vorlotions to oe i a i ~ l e d  to the contial 
i n 3  31 tnc pentcle  zr;l:!!er, the c~.IPT-~_!! 311n cf !he re.? 
ulnt,ai 3~.;ll!lrr 1s mole ~ r e n t ~ r .  In some 3-c iegulatars, 
two or sore 20s :ubes may be use3 i n  serles with tne 
,:citc.;c?l,,::er resistors. The number m d  type of 20s 
:..h,; ;se:. :n th ls  z,x.ncr depends szcn the voito?e d r q  . . 
:-: .IIFC be tb ie r  the a : ~ t p i t  ,on2 the qrlo a t  pcntade m.pl:- 
i .ler ' , l i . , r , r . . i  . -, .. ... ,.., uc!:y " :e5!ru~?e " 

' 
Inat !he i2r2es! pcitlon 2i 

. - :!Is : c ~ c : l r c  ,.,-:L,-,de .>#u,?, VL ,SLL,J,!>Z,> >,~>..>* , ~ , , . ~  , ... 
!ube(s). Wlth c 70s tube p l x e d  in 3 ;riC a r c u l t ,  such 3s  

V5 1; !r tt:s 3-c r?lllotar, or  3:3:t!Enol ,2flvanta',e 15 

:eol!rel !. !?,! !1"1'1 . C  3 C""S!l"! T : r r n P t  t"rol:,y" :1e ? I S  
, ,  . . * -  ., ,,..- ,,,.,,,,.,. ~. ,,.,, c, ",,* .,- ..... .- -. -...-. .-.,..7" 

Tie;c!;:c, 'LC ;cr !:be i; S ~ ! Z C ! D ?  sclelj. C? !kt. . r e ~ ? t ~  ?! 

~ t s  oblllty to r e y l i t e  ot the some voltoqe each time the 
p o s e r  suppi? (equipment) i s  turned 02 cnd t>e degree to 
whlih the voltoge;s regdoted ot o cons tmt  volue so Ion? 
a s  the equipment 1s i n  operatlor?. iopacl tor  C3, connected 
ir. poraiiei with V5, 1s used to suppress tile trunsient i:oisr 

;tre:atri  by the 30s tube. md thereby prevent these 
undesircble s lqnals  l ro r~  oppearlrg on the 2nd  of pentojr  
ompli l~er  V3. The value 3f ~ o p o ~ ~ t o r  C3, which 1s usually 
tk,e lor7est ; a I ~ e  r tcanmenied by tk,e tube mcnufne:cre:, 
: s  7 ;Cm?lCI:;E- ~E!.!.~ET (I .'l!'t. .*i!~i 12f:m?nr!eE !*I 

l ~ o r ~ u e r ~ :  :u!se w,d a *:IIZP, 1s 50; SG !arge 3s tc 
afiect ncr-ci operot:on oi  reierecce tube '15. 

t:.lpoc.tor co;lpies tr,e iuli , v ,~ ;~p  ai ripple ,;oitaje 
lrom t h ~  aitp8:t oi thr  I F , ~ I . ~ ~ U I  c i r i t i ~ t  to the grid o f  V?: 
; i  ccpc:;:;r C2 here  n;: x e d ,  only a portlsn of tt;e rlp;!i 
..-,. vu:,oqe ww!E be appiied to the grid of 'i?, as Jctc:;;:::;~: 

by !he ac!!'x nf VL. m? ~ICII!U:E-~!Y!~PI res!s!ais H ! L ,  
H13, 2nd H14. The volue of copacltor C2 IS  chosen sc 
I t a t  i t  is 1"s: !̂ i;e i ioigb.  :c 9rm:C~ ~ i l i ~ f ~ i t ~ l ~  IIPF.!S 

suppression. I t  tne volue 01 copacltor Ci were n,ooe too 
Ic:,g?, 1% re;;ensr 2,T.e 0: t;e ie~b!otGr Li:iilill t i  iir:ui 
k c  output-voltoge o r l a t l o n s  would be af i rc t rd;  o v o l ~  c l  

. -. . . 
!ro,m d.'dl ?2 u.1 ::;:c:c:a?m .a :)p:cu~ I:, 1110s: : ~ ~ ~ i ~ : : ! -  
ornpllfitr circuits. Capaclfor C4 1s connected across tne 
outpst termlnols to lower lhe output impedance of the 
:c<":c:z: z:::..~:; ::.c 'Y2i-E z :  :;.;z c:;:c:t:: :L;czz: :;27. 
. ~ 

L8.C :,:,z>.: 2cs.jr., LA: ; s  dsbc:;.+ 2 ~:C;>:G;Z,:: 5: !z:jcr, - -." -,- , ". . . , 
~~~ 

, . 
r.,->.a:G~* a',.-, .'.I%, <.;,.-.-, .u..,. " "  .,<> <. ,..".., . 
In series ~ i t i !  ie lerrncr  tube -45 a;ross trle iutpu! c! tile 
. . . , , . . . . , , ,  . 
...,".-,". -..* ".., "IC.,, p":u..ei *.:,. :..c .L-.-:-a.-L ,:; :..; 
load. %ts!star i i l ~  1s o3justj>le, an,: is is03 to SF! t ~ . e  

. . , , 
'.,U?<d, ",d.,."2r L8> L , . r  ,:r:.sy. vu,,,r i#tcL>:,:~,,: 1- l, ,  , ,,2.,,:,~,t - . , 

1 r,c ~ ~ c t ~ " ~ t . - ~ ~ : i > L ~ d  ~ : : L : C P , : ; G ~  :::.>il!le: L::;:L;":":rd:t 

o f  V i  pravldes a s~rqleer . !ed outp2r sl:na! nauln: ni l5  
amplifica;lor, b ~ t  no s,~,a: invers~on lrsm input to a t p ~ t .  
Thi. s l r7 !end i" '~ ! i~ !  - & ~ r  the ?::rut sers:!:vp tc pc,:~:r- 
5 ~ p p ; f  'YG!IG,:? ck.&?>(.S, G W . ~  tr.2 :G?.Zafl ~ ; t k , ~ d ~  a:Ca??C- ---. ---  .L- --.-, ,-. .- - ..-~,..-'."-...->..'. 2 . - . -  
I . l c l / L  LYY.ICz. L i i C  L Y L l l Y Y C E  L" : , .Y .Y" I I *  V i l J C ,  ,,,c ""C ," 
neowr-voirr;.!r va~lacluns. I r l r  jullt ili ill- u l i i ~ c * ~ ~ ~ u i  . , , , ., 
i ,k.,__Li - .. ."..._,.",. ". ,,.i <" ...< 1 1  .,._ _ _  
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ELECTRONIC CIRCUITS NAVSHIPS 

i r e  operotma t los for V l  should be suspected. Voltage 
mcosurements shol~ld be mode a t  the socket of V l  to deter- 
mine whether blcs (cothode-tc-xld) voltage ; s  present. 
Tie serles remlator tube, VI,  may be checked by sub 
st i?~t lon of a tube knovm to be good to determine whether 
the tube is Jefective(qrid-to-cathode short, etc). 

A visual check of the gns-filled reguiator tubes, V4 ord 
'45, which pro.lde the reference yoltcges far the operotnn 
of pento.?? 3mpliI1er V3, shc-Id b t m n s e  to determine 
whether the tubes i;ir cnnductlnl. X voltoqe measxement  

mode betvieen the plate  and cathode of V4 or V5 will deter- 
mine whether sufficient vol toje  i s  present ot the tube to 
cause canducuon. If the voltage is above noimol, the tube 
may be defective; o tube known to be good may be substi- 
tuted :a check for proper operotion o f  the respective ref- 
erencevol toqe circuit. If the voltoqeneasured ocross  V4 
1s b e l w  normal, i t  i s  likely that resistor R10 or R11 isopen. 
A below-normal voltage measurement across  V5 will in- 
d ~ c o t e  thot resistor F112, R13, or R l 4  i s  probably open. 

A v ~ s u o l  check of regulator-amplifier tubes '12 ond V3 
should Demode to determtne whether their filaments ore lit: 
if thc f?l~.i;ents are not lit, they may be open or the filo- 
men1 valtoae mcv not be app1:ed. Tne tube filaments should . . . . 
b e  checked for continuity; also, the presence of filament 
valtoze a t  thr  t h e  sockets  should be 6eter:nlned bv measure- 
ment. 

The  bics  valtoges cppl ie i  to V2 on6 V3 should k 
measured to ?elermine whether these tubes are improperly 
b ~ o s e j ,  causing the cperotinq bias on '11 to decrease. 
Assuming tho! V4 ana '!5 are canductin3 normoily to provldi 
the poper  reference voltages, 11 the voltoqe ot the grid of 
V2A or V3 is below normal, there will be an increase in the 
bios m the r e s p x t i v e  t u k .  In this cose  i t  i s  possible that 
resistor R6 or R7 has  changed in value t o  increose the bias  
of V2A, or that resistor R12, R13, or R14 has  chonged i n  
value to increase the bias of V3: in odditlo", on improper 
set t ing of variable resistor R13 will affect the b ~ o s  voltage 
o t  the grid of V3. I f  V2A or V3 is based to cutoff ,  V l  
will bemade to conduct heavily as o result of the decreased 
operoting bios. In this case,  i t  i s  l ~ k i l y  thot resistor R6 
i s  open to c ~ t  off VZA, or that reslstor R12 or the top portion 
of resistor R13 is open to cut o f f  V3. 

A hi$ output from the regulator .will o lso result when 
t h e  voltage ot thegiid of V2B ia above normal, thereby 
causing a bias  decreose on this stoge. T h l s  condition will 
result when pentode amplifier V3 1s in cutoff because of o 
I l o a t ~ c q  control qrid or open cathode circuit. In the c o s e  of 
o f lmting control grld, i; i s  l ~ k e l y  thot the bottom portion 
of resistor R13 or resistor R14 i s  open; ond open cathode 
circuit of tube V3 will result if resistor R10 or R l l  isopen.  

If the differential omplifler tube. V2, has  low emission. . . 
t h e  voltoge drop ocross  V2A plote-load resistor R I  will be 
below normal; thereiore, the bics of VI will be deciecsed 
and o h ~ g h  output from the rejulotor will result. Under this 
condition, o tube k n o w  to be good should be jubstituted 
for V2 and the operation of the circuit observed to deter- 
mine whether tube V2 i s  the cause of the trouble. An 
open cathode resistor, RE, will produce the same eifects  
as  a defective -'ifferentlol amplifier tube. 
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L o r  Output. T!,e lev-output condiaon of the regulotor 
i s  usuoily cause.! by an i ~ . , z r i a s e  :n operating bias for the 
series r e ~ u l a t o r  tube. VI, ,which, i:t turn, C ~ S ~ S  the tube 
to increaseltsinternol resistonce ond permlts the requlotoi 
output ia l toqe to fall below normol. Therefor?, any defects  
~n the electronic rejulotor circuit which can zouse on In- 

crecse in the operating bias for V1 should be suspected. 
Trouble in one section of V l  (such as low cotinode emlssion 
or or, open tube element) will muse a reduction in  the out- 
put. The tube may t? checked by substitutlan of c tube 
known to t p  q m d  ta determine whether the tube i s  defective. 
Volto3e measurements should be made a t  the socket of V1 
to determine ,*hetier Lhe bios (cuthadeto-nid)  voltooels 
excessive. The equalizing resls tars ,  R4 and R5, in the 
cott,ode clrrtjlts oi V l  should bemeasured to cetermlne 
thot nei theroneis  open, that they have not increased lo 
vclue, and tho1 they aie of equol resistance. 

A v l s d  check of thegas-filled regulator tubes, V4 and 
V5, which pravlde the r e f e i r n c ~  voltages for the operation 
of the pentode amplifier circuit, should be mode to deter- 
mine thct the t i l k  i s  conducting. A voltoge measurement 
mode between the plate onri cathode o f  V4, ond also between 
the plate m d  c a t ~ o i e  of L'5, wlll determine whether 
sufficient voltage i s  present at the t h e  to cause conduction. 
I f  the valtogemecslired ocross V4 i s  below norrlal, or 11 
no v o l t o g e ~ s  present, 11 i s  likely thot capacitor C l  1s 
either leoky or shorted. A below-normal voltoge measurement 
ncross V5 will indlcote that capocitar C2 or C3 i s  probably 
elther leoky or shorted. 

The  blos valtoqrs opplled to VZ ond V3 should be 
meosuied to deteimir,e whether these tubes are improperly 
bmsed, causing the operoting blos on V l  to increase. 
Assuming thot V4 and V5 ore conducting normally to pro- 
vlrie the reference vol ta jes ,  11 the voltage at the grid of 
V2A or V3 is obove normal, there will t e  o decreose in the 
bias on the respp :'i .c  tube. In this c a s e ,  i t  i s  pojslble 
thot iesistor R6 or h7 h a s  chonged in value to decrease the 
b ~ a s  of V2A, or that resistor R12, R13, or R14 has  changed 
i n  value to decreose the b ~ a s  of V3; in additior., on improper 
settlnq 01 vorlable resistor R13 will affect the bios vol toje  
ot the grld oiV3. If V2A or V3 1s blased by a high positive 
voltage on i t s  qrld so that e i thei  tube conducts heavily, 
V1 will bemade to conduct l e s s  a s  o result of on increased 
operating h a s .  In thlscose,  i t  i s  likely thot capacitor C2 
is leoky or shorted, thus placing o high positive voltage 
on the qnd of V3. A hlgh posltive voltage will be placed 
on the grid of V2A 11 resistor R7 i s  open.  

If plate-load resistor R1  (for differential amplifierV2) 
i s  open, the bias voltageapplied to the grids of V1 will be 
made larjer,  caus ln j  o decreose in the rey la to r  output. 
Also, ii tubeV2 i s  shortedmli  conducting heavily, the 
v o l t q e  drop OCTOSS plate-load resistor Rl will be excessive; 
therdore, a tube knovm to be good should be substituted 
and the operoticn of the circuit obser'ied to determine 
,whether ; h e  V2 1s the cause of the trouble. If  pentode 
omplifler tubeV3 has b.12h er~;isslon, the voltage drop across  
i t s  p ln t r l aod  reslstor, R9, will be obove normal; therefore, 
the bids of V2B wlli be jocri.osed, thus cousmg on in- 
crease i n  the bias of V l  anJ  o decreose in the output o f  the 
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regulotar. A tube known to be goad shoulJ be substituted 
for V3, ond the operollon o f  the circuit abser,ied to deter- 
mice whether tilbe V3 i s  the couse of the traubie. if re 
sls toi  R9 ISOCPL, the cathode follower ('J2B) control 2nd 
will te  floating; this will muse t t , s  caihode fsiiowtr 1.j 
cut  of!. As c resolt, 1t.e regulctar output will decrease. 

*.? -"-.<""-4 -.-,. ;"..",.. --- 
..u .... """.,, Lnl.II."L i"UU iUiii,ii iY,, 

cause  ineourput wi toqe  to be iow, especiaiiy i i  <he ioad 
current e i i e e d s  the m a x i ~ u m  rzt i lq  af senta i r ~ u l a t o r  
tube V i  (resulting in excessive voltoge i rap across  Vi )  
or if the load cl;rrcilt exceedsthz rating of the power suppiy 
( r e ~ u l t l n , ~  in o decreose i n  tne oppiied voltage). For mese 
reasons, o ~ t p ~ t  i033CitOI C4 s n 3 ~ 2  be intcke. tc Seter- 
mine *,herher i t  i s  sntisfnctary. A ieoky output capocitar 
cos!d res3;t !? re:;pj 5,>tp2t ,!ci!c;e, <l!:!>L;b !b,e :?;. 

uiotoi-amplifier circuit (V2 and V3) moy be functioning 
!~ormoliy but st:ll be u n ~ b l e  to compensute !or the d e c r r l s r  
in i.utpd1. 

Poor Regulation C h o r a ~ t ~ r a s t a ~ s .  V ~ i l o g e  instobi l ty ,  
s;ow response, etc, are frequentiy cuuseo "y we& or un- 
balanced triode s e c t l o ~ s  in series regl;loto; tuSeV1, 
unbalanced cathode resistors R4 m d R 5 ,  or deiectlve 
regulator amplifier tubes V2 andV3. The qnln o f  the req- 
ulator-ampl~iler s tage i s  determined primarily by tubesV2 
ond V3 and their applied voltages: therefore, the condltian 
o f  V2 and V3 m d  the opplied voltages are lmpoitant factors 
governing satisfactory operotlon of the regulator circult. 

ELECTRG2AGHETIC REGULATORS. 

General. Electromagnetic ie iuiotcrs  a re  outornotic 
devices which me mogretic rather tkar, e iectrcnir  cr 
zeckonlca! ir. na:u:e. 'hcse : e ~ ~ l s t c : s  c:e cf :.;;a bas;; 
types: the inauctlon replotor ,  which empioys o v a r ~ c j l e -  
inductor trmsformer, cnd the saturoblecore-reocror r e ~ ~ i n t c r  
h, appplicatlon zf the ir.-'uit;on w q ~ l o i o i  i s  i t s  Y S ~  jil ~7 a-i 

power regulctor and dlstrlbution system wherein LIE. 
uniegulated power from the generating source is converted 
into c form requ~red by the electronic systems or eqmpment ~. 
a t  o par t i a lo r  faclllty or instoliotion. The soturabie-sort- 
reactor regulate: :s  used in such appllcatlons cs the 
regdotion o: the a-c voltage input to on electronic equipment 
or the equipment's power supply, o: the iemlat ion o f  the d-c 
voitage output from the power supply in o given electranlr  
rgblplr,ent. Cuci, of rile two rypei iri r i r c r f l > ~ , ~ u , j ~ i r u t  re- 
q ~ l o t c r >  wil; tr d;scussed rrz  t1:r luilowin; p o o r j r u p ~ s .  

induction Rspulotor. A!, rxzln>j,ir 01 un in<!ucrlon 
regulator used ir. m o-c regulnnon and d ~ s t r m ~ t ~ o n  system 

... 
1s . i i u s t r a Ie~  i n  Ine ociompony~nq oiuih d ~ o r a n  . ,hi 

input power ( i ~  this case,  three-phosc, 60-cps oc) IS  

appi:ei :hrz;;? n !rrssfer s w l t c ! ~ ~ ! ? ~ !  II.;:CTC::C:~!~. 
connects :a an ei;.e:yency p w e i  swiiiie w n w  tne n i i m i  
source v o l t q e  between any phosi. m d  the n e ~ t r a l  !in? 
fal ls  below a oredetermlned le ie l .  'Then the normal source 
voltage ieturns t o  t i e  p o p :  ieiiei, t i e  t r c r s fe i  se i t c t .  
agoin connects io thenormnl sauce. 
Akei passin; :hi ;ug~ the t i s x t i i  switchi it ,e ,rlpui power 
!F npp"i!' !"r""q" me cysrpm mo!n c!rc,.!lt h r r ~ l c l  I? n !fir?+ - . .  . 
p,,u>s ,sui,u,. i i i i  puiprac r; ..rr- .,.,cr;li,;ac ,srLlu. ;b ." 
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iimlt ony short-circuit cur:mts within the system to 3 pre- 
selected value of the regulator fall-load curier.1 fcr any one 
phase. The reactor opposes large, rapid changes of 
current ~ n t i l  o clicllit breaker tr,ps orad aper,s the circuit; ~n 

A-C Regulcttion and Distribution System Using 
Induction Regulator 

this manner t n r  system is protected ccd in? effects  of short 
c i r c u t s  r e  ioca l~zed .  The output f ror  the threephose 
recctor is cppljed to the inductla- regulator and its assncinted 
mnt:ol a r w i t s .  Ihe regulcted o-c output 1s ther  fed :hrough 
a clrcu;f-breaker panel to the opp1~:obIe equipment. 
I:..: ,".,"yL ..... . ",," : -" ,,L,,,,,,-,LLs---,.-. -,,. "- - "  .... ... " l..L ". ... ' ,<'L"9Cr ",." 
c1;rrents or r h ~  ourpu: ot the ~nduct lon regularor. 

A smpllf led diao~om o: a three-phase induction regulator 
on;: ::s csnt;ai c : r c l t s  :s qlv-r in I?,?  nccci-paryln,2 
.. .. , . . .  >.... ... U.C. , u 2 , " q u  scq-2<:.:.: :u...>er,c;.: "; i:,;: 
:eqdln:a: is 3 Y ~ : I C D ~ ~ ~ ~ ~ C U C ~ O :  t r ~ i . ~ t o i m e i  whlch is spil: - 
~n:o n rrrartng sprrlon in '  0 s:at:onniy i rc' lo?. ~ h -  

;u;ot,nq s c ~ t i u n ,  or rotor, fi.i io ik ,  phaac r -  i u r l ~ t i t e C  
;cross 1i.e :npK 1:r.t.; >,erce, ;I :s 1;. ;c-cllc! ;:~:b, t:,c 10-2 
i i i i )  for [hut phase. The stotiunaiy section, or stotor, for 
each is connected i n  ser ; ts  ivlth the mput line: h m c e ,  
11 is in serles  ti! !he iood io! that phare. P. ,urlotio:r in 
tne uut;u: (iood! ;ioltoge i s  octolne? by :o:-:?ng tbr  rotor 
~r.side the stotor to ckar:ge tile;: ilun 11r.kil;e in both 
mannitu2e rind olrectl;?n. Tt.us, i ~ o e n d l n g  :loon t h e ~ i  
rc lc t : r r  arll:!or posltians; the- rotor i n d l r e s  ia the s t n ! ~  n 

.,. 
v o i i i i r  in,;r c:,nri ,I!,::: . > r  ~>,miou~s :PP vnii2qe. l l n ~  !r,.e slrn"i 
voi:aqe a l s  r n -  iori-r \.;iiaqe, ine ioalj voirnct is 3reotei 
.n"" ... . . r .?:.I: : O J ! C I ~ C ~  :12! !c, IPC L O C I  VO!I~;F w!!! De 

r.uxli-unr when oott, tne i l l ~ x  Ilnkc,>u t e t w e ~ ~ i  rotor on? 
>,I,.:<,: ,Is.: ,fie " C > , t C ? , ?  ,",:,J:':-,: ,:I ,,.,e s!c!c>: ore .-.sx,v.:,m 
und ti.? srnii.: ,aitnqe is i r  ;n.l:,r wit:: :hr rntilr v ~ i : , > ~ c .  
,',:,2:, :;,L ;c:z: :" :u:r,?; ::2 kc::, ::.L !!-A ; a k q c  
Xi*?e7! :Xi37  Otmj S l U i G j  OEJ :!~le \~>it*:>r ~ , ~ 7 u C e d  1 ~ 1  t:le 

stz!3: ,:,ill z;r:ir be x ~ r i n r : ,  !xt !he VC!IS<C :n?ucc? in 
the 510101 .wlil br out 01 ph ,os~  with the rotor voitc?e. Henre, 

2: : ,;;,e :he s:uba: ,!Li:L3e >....., p p ~ - L -  .~ I ~ c  .-!G: 'X-I:Z~? 
, , . , 

nnc ;:>t ic-.! voi!l;cr :s mn!n:um. r c i  ! C I S : : Y ~  o.mui3r 
.:"s!.i-'."s I! .n:n. r"'i c.r,l'qr ?rn,Y1"P7 -7" ur,r"T,eS ",?rrr 

110 irnn , b a  ,..; a-.,. r c n  .." ,.,, ir ..., ---. *in ....-,..us -. - 
... ".< .,,, ".,. ".,L ., "I.. c .,.. L.,,C". 
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VARIABLE- INDUCTOR 

lUNREGUL4TEOl IREGULATEDI  
$ 1  41 

ROTOR 4 1  
IPRI I  CONTROL R L I  CIRCUITS 

N 0 1 - - 
A T 7 O N  

Three-Phase Induction Regulator, 
Simplified Diagram 

Thc rotallon of the rotor 1s occompl~she~ by a reversiilc 
motor, which, in turn, i s  controlled by the cction of two 
relays; this arrangement i s  illustrated schematically in  the 
l i c : ~ : : ~ p r y ~ ~ q  d13qra:.. :i c vi_l~coI gp~ i i c~ t lon  oi 311 
~nduction regulator, a vaioblt-inductor tronsiormer m,d 
11s ossaciated control circuits are placed in each phose 
11nr oi the dist:lbiloan system. In this case, however, only 
the control circuits ior phase 1 will be analyzed; the phose 
2 and phose 3 control circuits ore ,dentical to those oi 
phase 1, and thus will not be considered in this dlsiussion. 
The output voltage of the selected-phose vor~a t l e~nd~c to r  
tmns!ormer is sensed by o voltogerqulatinq relay, KI, 
which causes o motar-control relay, K2, to operate o 
reversible motor. The motor, BI, dnves the rotor of the 
appliscble varlaale-inductor transformer i n  the direction 
necessary to compensate for the output-voltoge voriotion. 

The senslng element of voltaqt-regulating relay Kl 1s 

an ironcore solenoid, which 1s sus-ded on o compnsat- 
ing sp:lng. (The solenoid core and compensating sprinj 
u:e shown dotted .n the illustration.) The solenoid =":rent 
is made p:oportlonul to the output voltsge by inserting 
limiting resisto:~ R 1  and R2 in se:ies with the solenoid 
coil. In this manner, the solenoid current IS momtamed 
constant for a given voltage, and yet it can still chmge 
with the voltoqe to be regulated. A holdlnq coil i s  wound 

In the opposite d~rection over the solenoid coil of K1; 
the haldlnq cod, HC, is excited through the topped sections 
of the K2 motor-control relay calls. The purpose of the 
haldlng coil i s  twoiold: to mo&fy the "pull" of the K1 
solenoid, and to hold the contacts of K1  closed until the 
control motor has cause3 the uanoblt-inductor transformer 
to correct the output voltage. When voltage-regulating re 
loy K1 i s  in aperatlon for a normal output voltage, the 
pull oi its solenc~d, which vorles with the current through 
the coil, ond the tension of the campensoting spring ore 
balanced against the welght of the solenoid core. ' h e  
solenoid core operates a set ot singlepole, doublt-throw 
contacts mounted on opposite ends of a p~voted beam and 
seporoted by equal &stances from the stationary contacts; 
one normally open contact of the set closes when the 
output voltage increases, and the other normally open contact 
of the set closes when the output voltoqe decreases. Ths 
octlon ca.>ses voltogeiequlotlng relay K1 to operate 
mo:or-control reloy K2, which, in turn, causes control motor 
B1 to turn and thus rotate the rotor of the variable-~nductor 
transformer to correct the output voltage when this voltoqe 
is higher or lower than normal. In the accompanying diagra:~, 
thc ~ylilbois (L; and (I?) denote thecomponents tho! 
produce the action necessary to "lower'' and "raise" the 
output voltaq, respectively. 
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Induc!ion Kegulotor and Lontrol  

Circuit lor P h o r e  1 

Canslcrr, now, tne opero t ro r l  oi i n i  r & i t l i . r l  ,sou- :k,* cc7, ::L: >>: ;::us: !d!::e :be ::!:: of !+ ,/o;lzhle 

;?tor .!+he? tb,e ci!iu: ~ , ~ l ! ~ ~ ~  o! >-,;SF 1 :-,:rcasii ,ck,c,r ~ rducmr  ~rmsicrmrr i n  t n r  d>:ri!lurl W ~ J L ~ ,  WLI: lower i!.e 

!kc !i;c! ?c:c::izci. :; ::,c z:::;:; :: .;s::;;e:?;?: ;s:?:::2 .,nir"5e. .".~. , -  ~ ~ ~ ? r ~ - o i ~ s ~ ~ ~  1" .r,v .,>,:,,,,-, :+a, . , 
-.....a, 7.. L .-.,.: ....,. 
,.>SLS, , ,&, L,,c,.,ALc ,,.c Lu,,t."2 -A,."A.o, ..,LL"L2,fi4 L..L 

'nrl.. 8 "u hl,,hnr..bnr.,nrm- n r n . l -  %re!-'-' n' n-ni-o 1 --.u... .,., ..~r. , . 
con!ral mn:or, canrrai-sower swil:!! 21, notor-jrowe: sw:l;l. Ll".,ea Y;, ,i,LiC"i,L ii, ,:,- .*., U,,. ... C ii.illi.i 

, ,  . , ,,* -. . ~. 
S 2 ,  ofid c,, :s-mawd SSI::~, SS na: d l  is se! :G ::,c "sc" 3 :  1 : :  . . , I , -  - L i , ~ l  j r l  ~ m ~ . , j v c . ~ t ,  

pasirion. S m i i  i h i  ou tpu t  v n l t i i q r  ,s nrghc; i h i n  r.0im.j;. !;e!? :esJ::r; i:;: :be i:.cr?cce< c l r :?~:  r r e r : ~  c ;re-!er 

CHANGE 1 5-A-?! 
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pull a ~ d  draws th;. solenold core forthe: lnro the cod ,   bus 
relaxing the tension on h e  compensating spring. ' r h n  
the tension on thls spring is relaxed suiI!c~ently, the 
normally open contocts on the K1 (L)  section of the voltoje- 
regulat~nq reloy close. 'When thls occurs, the "lower" 
(L)  c o d  of motor-control relay K2 energizes ~ n d  close: the 
norrnolly open (N.0.)  contacts  on the K2(L) sectlan oi  txls 
reloy. Clcslng the K2(Lj contacts  of the motor-con:ral 
relay opplies o voltoge to the cont:ol mcto:, B1, rhss 
energizing !he molar ond causing 1: :o turn to :he "lower" 
i~ rec t lon .  The control motor i s  mechvl~cal ly  coupled to :hc 
rotor of the phosc 1 variable-mductor tronsfarmer. Therefo:e, 
when the motor turns, i t  a lso : m s  the rotor of the vurlable  
lnductor transforner in the direction whlch ,w~ll cause l e s s  
flux linkage between the rotor (pilnury) and the stator 
iseconddryj. As o result,  there will be l e s s  voltoge 
induced in the stator; that is, s ince the stator, or output, 
vol toje  varies with the f lux l ~ c k o g e  between the rotor onli 
the stator, reducing the ilux l ~ n k o g e  causes  o reduction i n  
the output voltoge. 

The control motor tms the ;otoi of the va r i ab le  
inductor transfoimer until the output voltagi. ogmn .., ---ones 
normal. As t h ~ s  p a ~ n t  1s approached, the current through 
the solenold c o d  of voltugeregulotlnq relay K l  decreoses, 
s ince this current i s  proportional to the output voltcge. 
Tnus, a t  the predetermined level of output ,voltage, 
sensed by the current through the cod of K1, ths  weaker 
magnetic field ~ e s u l t l n g  from the decreased cu:rznt exer:s 
a lesser  pull an the solenoid core of K1, so tho: the weight 
of the core and the tenslon of the compensu!lng sprlnq .,re 
ogmn in balance. When this occurs, th? (KlILj  con:ccts 
of the voltoqereguloting relay open, thereby :auslng the 
"lower" (L) coll of K2 ro de-energize and, In :urn, to cpen 
the K2(L) :ontacts a t  the motor-control reloy. Opening 
the K2(L) cortucts  of the motor control reloy removes the 
energ~zlng voltuge from control motor B1, m d  the motai 
s tops rurninq. When the notor s tops turnlng, the rotor of 
the vcr~ac le induc to r  transformer nlso s tops turning, and 
remains stationary at the normd output-voltage level ur.tl1 
a iutther varlotlan from normal occurs. 

Assume thot the output vol:uge ot pkase 1 now decreases  
te low the predeterm~ned level e s tob l~shed  by the settlng 
of potentiometer R2. Since the output voltoge is lower thun 
normal, the control mo!or must turn the rotor of the vorlable  
inductor tionsformer In the direction which ,vvill ra ise  the 
voltage; this 1s accomplished m the manner described 
below. The  lawer-thm-normal output voltoge oi  phase 1 
causes  a decrease in  the current through the solenold coil 
of vo l t ag t regu lo t~ng  relay K l .  The weoker msqnetic f lc ie  
resulting from the deceased current exerts 3 lesser  pull 
on the solenold care and thereby releases  :he core from 
the toll; the additional welght of the core now lncreoics 
the tension on the conpensonng spring. '%hen the 
solenold co:e i s  released s u f f i c ~ e n t l y ,  i t s  weq'lt  causes  
the normally open contacts  on the KlIRj secaon  o! :he 
voltage-regulot~ng r e l y  to close. \When this occurs, !he 
"raise" (R) coil of motor-control reloy K2 enerqlzes and 
c loses  the normally open (N.0.) contacts on the K2(r) 
section of thls relay Closing the K2(R) contacts of the 
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aa!oi-control :clay c ~ p l l e s  a r a i l age  to tk,c control motor, 
B1, thus energlung the motor and causing i t  to turn in the 
3 ,  rase" direction. The control motor i s  mechanically 
coupled to the iotor of the phass  1 vcziuole-~nductor trans- 
former. Therefore, when the mo!or turns, ~t a lso turns the 
rotor of the vr~oble-lnducto: tronsfcrmrr in the d.:ei!~an 
.which wlll couse mare flux l!nkaje Let:veer, the rstsr 
(i.r~n;ary) and !he stator (secondary). As 3 result, there 
will be more vsitoqe indsced in the stator; thnt 15, since 
the slo:or, or al,tput, voltcge vories wlth the !lux ilnkage 
between the rotor and the stotor, Incrcoslng :nr flux I ~ n k z ~ t  
ccuses  cn lncrease !n tb,e output vaitoge. - 

I he control motai turns the ro:ar of the .varlot,Ie 
~nductor  transformer until the output voltage o g a n  becomes 
normal. A s  thls point is approached, the current through 
the s o l e n o ~ d  col! oi .,ol!.i,qs-regulating relay K l  i r c r rases ,  
s lnce thls current is p:opurtlonai to the outpgt voltage. 
Tnus, ot the predetermined level of output .voltoqe, os sensed 
by the current through the c o d  of KI ,  the stranger magnetic 
ileld resultlnj from the increased current exerts a greater 
pull on thc solenoid core of K1, so that the weigt,t of the 
core and the tesnlon of the compensating spring cie oqoir. 
I" balonce. When thls occurs, the Kl(R) ;cn:ucts of the 
v ? l t a g t r ~ g u l o t ~ n g  ;clay open, thereby couslng thc "rmse" 
(R) coil of ti2 to de-energize an<, in turn, to open the K2(R) 
contacts 01 the motor-control r e l y .  0pecir.g the K2(5) con- 
tucts o f  the motor-control relay removes :he energlung 
voitaqe from control motor B1, on? the motor s t ~ p s  turnlng. 
'When the motor s:ops turnlnq, the rotor of the ~icii.;ile- 
~nductar  transformer also s tops lurnlng, and remains 
stctionory at the normal oxtput-volttige level untd o 
further vorlatlon irom normal occurs. 

As prev~ously explained, the vo1:uqr-requ!ot.nj com- 
ponent of the ir.duct:on regulator i s  the varloble-lnductor 

'4- 
trar.sio;mer, cn3 the vol togesensing element 1s the 
valtage:ejulot~ng reloy, K1. Tne setting oi vol:ag-il~,ri 
potentiometer P2, whlch 1s in  serles w:h the cod of relay 
XI,  detelmmes the drslred normal-output-vo!ta;e level by 
e s t a b l i s i . ~ n j  theinitiul moqni t~de  of cu:rent to determirje 
the amount oi  puil on the solenoid :ore of K1 requirei :o 
lust balance the tension of the compensotinq sprlnq. ' h s ,  
the current rhroilgh the cod oi K1 will remain constmt cs 
long a s  the output voltcge i s  normal; when the output i,ol:age 
changes (mcreoses or decreases), the moqni:ude of r k  
current will change propoit~or,ally m d  czuse   he lnductlan 
regulator to compensate iar the change in ,,ol!age. By 
es tab l i sh~ng  the magnitude of curren: through the holding 
coil o f  reloy K1, the settlng of holding-effect potentlonetei 
R3 determiixs the modlfied p~ull of the solenold core i n d  
the length of time thot the K1 contocts ore Cel3 
closed. In thls monnei, the holding coil helps the rrgulotar 
mntrol circuit to rapidly stop the rotor of the v a n a b l e  ~. ~ 

inductor transformer when the output voltslge reoches the 
predetermined normol level. The resis tor-cqoci tor  ne:.ao:ks 
R4-Cl ond R5C2,  in the "lower" ond "raise" sections, 

respectively, of motor-control reloy K2 c re  used for mc  
suppression. Swltches S4IL) and S5(R) cre llmltlng switches 
in the "lower" and "raise" power-input l ines  to h e  
control motor; these switches cut of! power to the control 



ELECTRONIC  CIRCUITS NAVSHIPS 

motor and thereby prevent mechanical domoyt by preventing 
the motor from exceedmy the d e s r e 3  moxlr.;;. rotation 

i n  the respective dlrect~ons.  
Saturable-Core-Reactor Regulator. An example o! a 

sotu;obIemrereoctar  regulator used :r, :he :eji;lotlan 3! 

or, I;-c val:oqc 1s illustrated i n  L-,e cccornpar.i.nq s :mpll l~ec 
- .. . . . . . .  .....-. -? t*!? ,n. .......... - , I , -  I * , ,  r ,  :b?  .--,,1,7:,:?4:~r: ..?,:,::I . . 
i s  used to regulate the o-c valtoqe applie? to on electranlc 
eqbipment or to tne power sbpply ~i!k,in m rqulcmi.nt. 
'The degree of sotlliction of the reoctor core i s  controlled by 
o two-stage d-c o~np l~ l l e r ,  t h r  has oi  ,whlcil 15 p:ov~<eI 
by a l u l l - w v e  rrc!;!irr th3t re;elurz ? t i  1::;~t i3li;l;o iro:.. 
t!,~ regulated autpdt. Refore the Ciscussim 01 the w : ~ i i d i  -"." .c"p.". .-" , ?  -A " L.,.' ,' * L ,  
-u ". ." -u...... - -  ". .... 
operation of a sotuioblecore reactor will be p r e s e n t d .  

R e O ~ l o t i o n  of A.C Voltage with 
Saturable-Core Rearfor 

A saturablecore reactor iai s:.~,piy "suturoblc rioi.o:"i 
. . .  ,',,,, ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ......... ........ ....... -.-,  -. 
, F , , " m r  "Iqc". -" "" *-,- ",* "b b - "  c-mp.,., ..... -. .. -. , r. -. - - -. . - .... -. . - ............--- * - .. -. 
. ... ,,, - .... ..;., ... .-.. ~ . . . L ,  - 

....y ... r_/ .... . _A..2_.. 

0 ;:3~siorz~c: :z tkn: ;: h a  v~lzimq:; on 27. ,:s:. cd:c. 
. . . .  ~~ .~~ ......... .~ ....... .-.. . ' ,  . ." ..-. -., . . . . . . .  .......... . - . .  

cpcrc:!ri :n !kr rrgjon ut care iuiu!otluc 02:ll.q par! c! c u ~ r l  
; ; ;;;u: ;.::i. Tk,z t;z:c 3:r:;:.i:j c::::;::!:. :L 2 rc:r:;:,:? 
::<?:L; : s  ;P!!L;,:":!.C~> L: :kc: ~!?:!:~:,.:jc?::: :-::::.:!<':~ 

:sllc wherby a counter eieclramative lorce 1s proiiucee In 

c wlndlng by a mcgner:c !lei0 when c h z r y s  wiih the 
i h m y e s  i n  current thraliqh the  wlndinq. Thp c q n e t l c  !lei:: 

c9ren:ra:es :I !L.e :m. cow, jr? :h? ! l 2 ~  6 ~ 1 s : : ~  I T  I?C 

.)<:?eS 3:I'C::Y W?!? !fie rL:leg."! f3IC.J;" f?'l 7(l>llr2 
- .... , L . .  - ? ?  ...... '" il" *" .... ", -YiL ~.,."I".IYII. .,.", .-, .... i.i iiii .i.iii,l 

. . .  . ~ - . .  ...... " . . - .  ..-- .~.. ..... ... - ...-... .-......--.-...... . ~ ~ ~ ,  .....- 3 ~ ~ ~ . - ~  - - ~ - -  
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surroundmy each turn of h e  w ~ n h n q  expznds u n i  cuts  the 
sther tdrns. As o result,  a vol!a(;e is induzed in t l e  
windmy: thls voltoqe opposes tne applle.; voltcqe and tends 
to keep the current in the wire at 3 ioir v c l ~ e .  :X!hile the 
i i r r en t  i h r o ~ ~ ~ t ,  the wirding i s l e s s  Chon the soturctioc cur- 
rent,  theoppositlon ( ~ n d i c t ~ e  re i l c txce )  a! the .i;:r,?inq 
I S  h>?n and ?ermlra lirtle current lo ilnw. ' 7 i h ~ r .  :he mi- 
~~ . . ~  
rent is lncreosed to the pmnt where the ca:e 1s saturated, 
rhe reactance aecomes zero tecause the rote oi  chanye o f  
Llsx 3ens,ty 1s zero. Thds, ,when the core tecomes sature:ed 
on i r c rease  in current in  the wlndlr l  wlil no lanr~er  1ni:easr 
t i e  f lux dens.ty in the core: o! th?s !::::i, sifiir !he : e o c ! ~ ~ ? s  
1s zero, only :he - c  res i s tmee  0: tne v~lie iimlts the 

. . ....... I..̂ .̂ .i^ ...... 4.. ',:L?- ...-. .L." ,"h *L<, -" .ll,l. ... lUl ~_j. .  i..- .......i.._j . . .  .... _" .... "I... 

wlndlng is decrecsed irom c mcxlnu: vclce, :he - @ p e t ~ ~  
tielc neqins to cniiaps? onC cut tne turns oi  trle wlnd- 
~ n q .  .Again 1 .vcltuge 1s induced i n  t'he toll. This  voltage 

. . . . . . . . . . .  .- ....... .L ..L .. ~ . :  -., .. .'.- 
1 L .  . . . I  ................. r L . ,r 
r!+!?g current on? !hp sxpard:~:  magne:ic 1:el.i  
Zonsequently, the voltage lnduccd by tne mllapsing fielc 
ter.ds to keep the current !n the v ine  ot o nlqh value, even 
though I: 1s decteoslng towor: zero. 

A pioctical sotu:abie reoctor 1s dliferer.: !:am an 
ordinary ;ion-core coil ()us: described) in  tho! there ore 
two wlnd:ngs ossoc:atec w?* h e  core, a s  shown hy 
.p,c :,n; .-,.. pznent 1:: t ie  3cz5::.psnI.r,3 ll:.:~. 3re 
of the wlnhngs  i s  c l l led the contro! winc:ng, and the other 
1s col!ed the load windin?. Tw con!rol w ~ n d ~ r g  i s  in the 
plote circuit of t i e  o u t ~ ~ t  stage a! :he two-stage d-c 
azpl j f ler  , " - 2  vk , .erOur I , . , 4 e J ; m .  ilii.u.iil. : s , m  +LC ,",,, + "; ,",, ,* +h-  ....... ". l..bI.. ". L... 

6-i vaitage ipplied iro;;r the source. ?,us, Lie vailotlon 
. . . . 

:r. ;x~eiir.cc oi  c , e  !rpu: cl;c,~;:, 21 :vnlc: :r.e S ~ I L I J O ~ S  

:eoctor iood wlr.jlnq :s o port, ccx oe usen to regulate 
voltages ic o r.anner 51rn!sr to the use 31 the v ~ r i c t l e  
ies js tance characteristic of cn electron tube. - ;ne components in the circuit of :he accompanying :~qure 

may be grouped into three sections: input, rectlilcotion. 
m i  sensing-control. ?he input o-c 1s ilp?lie.' across  auto- 
: ~ ~ r , s i o : , ~ , r ;  T i ,  W!;IC~I 1s ir, s r r i t b  .w:k. :l~e l a d  wirdinq 01 
ao:dr~L!e rea;:cr SRi.  C c ~ a c i i c r  Si, wi8l;2 is across  the 

. . .  . . . . .  
I:;' :v:C;l::;, : C K E  2 t;ne ;̂ C:lC;;;?l '::It?. :?.C !3CC .?LEd:r,_j. - 
, ,,c rcsar,";,! i : ~ ~ , ~ : , c y  tc *.h.:!, t!,~ ;"r~!!d <i:cU~t  U! 

capoa to r  Cl and the loo? .;~r.dinj 1s tu:.ii i s  s1P;'ltly low- 
er tho" the input i lne trequency; thot 1s. 11 1s one tne In- 

. ,  . . - . > , ,  h , y 7 ,  . I":i 

:?sxzr , t  ! r q u e r q  IS se!pc!ed sc !nct the iwyl! c i r c ~ l t  oi- 
. - . . . - - - m - . < . 7 "  -,.,,- " --..-.--.. + . " ,> "rr."._ ..... .... _..r". ... "".. ... r ~ .  

wcr,  i t i c h  inc l~de ;  nl;!n!:anrfo:rntr T I ,  1s sh?!ted tc in- 
...... .- -. > ........-- " .. . -. u- - -. .. - . .  -. ... -. .. - -, .... - .? -. -. ....... - - . -. .. - ... 
i r e  clrcsit.  Tilrrerore, the ir.pit h e  i.a;taye huj fie iiviC- 

;:c;c::27,2!!y be?::ee: :2!2!:z?z!z:!x: T! 2-2 z2?::2~1" 
...-,-, C D >  .- 2,- ,,n,-.,,a A h,, .L o , . . - 7 e  A" ?--.-,, - ... < .... - - "  ", .... " --- 
- 
~ n e  clicuit operares in tne manner o e s a l c e a  ceiow. 

-, ~ n r  ~ n r r q u l o t r d  u-c mput voltage, Em, 1s applied ocross 
~ao t rons io rmer  'Ti cmd the loud ,wlnclng a: s3iuiuble reactor 
SP1 corrected i n  sri:es. The c:itatrmsforrner feeds power 
t:onsrsrmpr 72, wvcn  :sport  n i  o conv~nt lo ra i  i l i l - w n v ~  

, , , ,  . , ,  , 
, -.c I;Ly ;..: I: LTD c.::::e: :t 2e.: e:O;M 

, . -. "" .,.., = " "  , ," ,~""- .... .a, - n * c . .  ". ,,,- .... -,< " ,  ", . . 
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ond R3; the .ioltoge dvlder provides the h c s  .:altaye !cr 
the i n p d  s tage of the two~sta- je  6i ompllfier. The bigs 
roltage, as selectec ty the setting of varlabie :eslsror 
R2, controls the ianduztion of the d-c ompllfiers, and 
thereby controls the resultoat current through the controi 
.winding oi  sn:uioblt recctor SKI. Adjustmert a t  auto- 
tronsfaimer T I  ond variable rzsistor R2, therefore, determines 
the vclue cf tne deslred a-c output voltor~e. Lut, !o t c  
reoulated: any v o n o t ~ o r s  from the desired "clue of ouvwt 
voltoge will t e  autornot~cdly compensattJ !or by the act lcr  
of the rejulotiny c i r c ~ i t .  

Assume, flrst, thot there i s  an ;"crease i n  the a-c 
output voi;cgc, Eout. Thc increased u-c vol!oge caupied 
to the secondcry of power :ransio:mur T 2  results in c 
greater d-c voltage ocross the voltage d~v ide r  in th outpu! 
of the rectifier. Thus, c higher positive voltgge i s  
sensed a t  the wiper arm of ~iurioble ies ls tor  R2, therrbv 
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ci:cuitry of the d-c ompilfiers moy .vary in  the regulator 
clicuit,  the purpose of this section is always to sense  
the varlotion i n  the voltage coupled to the rectifier, and 
then to control the degree of core soturotlan of the satuio- 
t i e  reoctor to compensate far the vmiotion in voltage. 

With sllght mod~ficotions the soturoblecore reactor 
regulator circuit lust  described can be used far regulotlng 
the d-c valtoge outpu: of on equipment's power supply; 
such a modlfled clicuit is illustrated in the occornponyinq 
fqure.  iJote h a t  me l-l;;;3ve i ec t l i~e r  of the prevlaus 
circuit is omitted, ond the autput of the power supply is 
used in i t s  p lace  to furnish the b i a s  voltage for the input 
plvierej  supply controls the o-c input voltage t o  the 
power supply, to provide re~u lo t ion .  Otherwise, the circuit 
functlon and operation in 011 respects ore the same a s  
described previously under this  heodlng. 

cousin9 o decrease in the bios of the lnpllt d-c cmpllfier 
whict:. Tnis  decrease in bias cwlses on increase in the 
conduction of the input d s  amplifier which, in turn 3e- 
velops a bios on the o u t ~ u t  d s  o m ~ l i f i e r  

CHANGE 1 EA-34 

and decreases ttie conduction of the output stoge. As a 
result,  the cur:ent th:ough the control wlnding of sa tu rc t l e  
reoctor S R l  i s  reduced, thereby decreosinq the degree of 
saturation of the reactor core. The saturable reactor now 
presents o greater impedance to the a s  input voltoge, thus 

POWER SUPPLY 
4ND FILTER 

permitting a greater voltage to be dropped ocross the reactor, 
and, cansequen:ly, lowering the vol!age opp l i e j  to auto- 

tronsiormer transformer, T1. the output N t h  l e s s  voltage voltage decreases; coupled thils, irom the the auto- o-c UNREGULATED A-c INPUT1 $mi R2 A-c IREwLATED ourwr, 
output voltage 1s returned to the -iull;e desired in i t~a l ly .  2 STAGE 

DC AUPLIFIER 
Consider, now, the cnalysls  of the circu:! opeiatlon for LOUTPUTI I IINPUTI R3 

the condition of o decreose i n  the o-c output voltage, CI 

Eout. The  decreased o-c voltaqe coupied to :he secondary SRI 

of power ironsformer T2 results in c l o ~ v r i  d-c ,,oltoge - - 
ocross the voltuge divide! m the ourput o f  the rectliler. LO40 

Thas, a lower posltlve voltoge i s  scnsed ot the wlpcr arm WINDING 

of variable :eslstor R2, therety cnuslng cn :"crease in :he 
bias of the input d-c ompl~fler, This  :ncrc .os  i n  bios Xegulotion of 0-C Voltage with 

couse a decreose in the conduction of the input d-c ompl!!~er, Saturable-Core Rcoctor 
which, I" turn, decreases the bias an the output d-c arrpli- 
her  ond increases  the conduction of the autput s tog i .  As 
a result,  the  current through the control wlnding of 
saturable reactor SP1 1s incrmsed,  thereby increosinq 
the degree of saturation of the reactor core. The sav~:ohle 
reactor now presents a lower impedance to the a-c  input 
voltage, thus perrnittlng l e s s  voltoge to be dropped across 
the reoctor, and m n s e q ~ e n t l y ,  ro;siny the voltoge applled 
to autotrmsiorme: T i .  With o greater vo1:oge coupled 
irom the autotransiormer, the output voltage increases; 
thus, the a-c output voltoge 1s returned to the i,alue des1:ed 
inlually. 

The  circuit will a lso compensate ior variations in 
the unregulated a-c :"put vol to~i- ,  Em. For an increase 
in the input voltage, :he clrcult aperatlon is the some a s  
previously descr i ted for an increose m the  output voltage; 
also, for a decrease in the input voltage, the circuit 

operation is the same ;s previously described for 3 decreose 
in the autput voltoge. Al:hough the conflyuroaon of the 
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PART 0. SEMICONDUCTOR CIRCUITS 

SEMICONDUCTOR REGULATORS 
General. The semiconductor voltage regulator performs 

the same function in a power supply circuit a s  the electron 
t u h t v ~ e  reaulator.. In the place of t u k s ,  solid state .. . 
devices are utilized to accomplish requiation. in o manner 
similar to the electron-tubetype, the semiconductor circuit 
reacts automatically to compensate for changes in the in- 
put voltaqe and load current and provide a constant output 
voltage to the load. 

Although a voriety of circuit mrongements are possible 
for semiconductor voltage regulators, they ore generally of 
+,.,- h--'- ---.- +%.no. .>---. +he =ha,n? ?:,P ~ r n d  <mieq tFO. Oppm- 

tion of the shunt-type i s  similar to that of the eiectron-tme 
gasmus-type voltage regidator. It is commonly used where 
input voltage voriations me small and the load remains - , . ' : . .~,. .-~~.~ beluLjv-il ~a,,,,n:. 1"s: opplicctions require !le series- 
type regulator. The series type is a mare efficient regu- 
lotor and i s  used in power-supply applications where the 
load resistance and input voltage are large. Variations of 
the bosic series-type semiconductor regulator include the 
constont-current regulator and the switching regulator. 
h e r e  a constant current rather than a constant voltage is 
the primary requirement, the series current requlator is 
employed. Typical switching-type regulators include the 
siliconsontrolled-rectifier regulator, the transistor-phased- 
rectifier regulator, and the transistor-chopper regulator. 

When :cod s!chi!ity i s  r e q > ~ i r ~ d ,  nnd the  i n p n  voltage 
ond load cunent are sdbject to excessive variatior;, a regu- 
lator-amplifie: circuit i s  employed in the shunt- and series- 
type regulators. Essentially, the regulator-amplifier circuit 
in semiconductor regulators i s  o high-gain, directcoupled 
amplifier having low noise and good stability charocter- 
istics. In direct-coupled amplifiers using semiconductors, 
drift coosed by temperature changes during operotLon i s  
olways o desiqn problem; therefore, o requlotormplifier . ~ 

circuit using semiconductors is always a more complex cir- 
cuit than i s  i ts  electron-tube equ~valent. Moreover, the 
voitoge stability of the semiconductor reierence-voltage cir- 
cuit with respect to temperature changes is another im- 
portant design consideration. As a result of inese and 
other design problems, it is necessary to provide temper- 
ature compensation at critical points throughout the circuit 
ln order to obtoin the best possible overaii i.eriormance 
ciiaractrristics for the semiionddctor reqidldor ci;cui!. 

- ,  Shunt-Type Regulmtor. i r ~ e  br,ii~,;-type reg":-tor, ~ k , i k  
one of the simplest semiconductor regulators, i s  usuolly 
tne !east eiiicien!. it mav oe usei to pioilit 2 ~quiu ted  
output where the load i s  relatively constant, the voltaqe 
low to med:um, and the output current high. Tqe s i t ~ n t  i e ~ u -  

lotor utilizes the vokagcAvider principle to cbtoin requ- 
lction of the output voltaqe. 

The accompanying illustration shows the shunt-type 
regulatar reduced to its fundamental form. The fixed resis- 
tor, Rs, i s  in series with the prollel  combination of :he 

- lccd reslstance, 1 ~ ,  ond the wriohle resistor Rv, ~ n d  farms 
1 ..^I.^^^ Ai.,,An. nirncc ,he ,nn,,t r,,,. ,,,,. " .".."". " .,.--. -" ~ 
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I 
UNREGULATED R L )  REGULATED 

INPUT OUTPUT 
REQULATING 

(FROM 0 - C  

SOURCE I 

Simple Shont-Typ. Vohg.-Rqulotor Circuit 

A brief operational descriplion of the bosic shunt-type 
regulator will serve to eqdnL? the mmnef i:: e h i i  i q d -  
lation of the o z t ~ ~ t  voltage i s  achieved. 

All mrrenr that flows in the complete circuit posses 
through tk si.rlm resistance, Rs.  Thermgnitude of this 
current, ami I;,,'; the wlve of the voltage drop ocross Rs, is 
controlled bi iiriable resistance Rv. The voltage anoss  
Rs is eqm! r .  the difference teween the larger volfoge of 
the d s  sourr and the output voltage across load resistance 
RL. The difference voltage across Rs is mried by action 
of resistance R,, a s  required, to compensate for circuit 
changes and maintain the output voltage to the load can- 
sten? m !he deaite.3 value. 

If the input voltoge to the regulator circiiit decreases, 
the voltage across load resistance RL and the variable 
resistance, R,, tends to decrease. To counteract this de- 
crease, the resistance of R, i s  increased; this reduces the 
total current f l w  through Rs and thereby the voltage drop 
across it. Thus, by decreasing the difference voltage of 
Rs to compensate for h e  decrease in the input volts%, the 
output voltage remains constant at i ts  nominal value. Con- 
versely, i f  theinput voltage increases, the voltage across 
P,L and R, tends to increase. To counteract the inneose, 
the resistance of Rv i s  decreased; this results in more cur- 
rent ~ o u g h  As and thus on incieose in t\e v o l t a ~  h a p  
across it. ??le increase in the difference voltage compen- 
sates for the increase in the input voltage, and again, the 
cutpit udtaye rem~ins cozstact m the :egu!ated ~iclue. 

m , , L h ^ I  ...irh".nnS;nn - t l U l u L  lllY3L YC L~, ,uu,~ ". ,..,,.u.-..-...v 

the entire outpct ,voltage of the?-c source; however, it doe: 
aot hove to c a m  the full load current unless it i s  requiiei 
to requlote from the no-load to the full-lmd condition. 
Sjncp series drcapi.:- resistor Rs. 7sed with the shunt regu 
Iztor, has reld'\.,l'> PI$ power dissipotlon, tne over-ail 
efficiency of tius :: nc of requ!ator may be less than that cf 
other types. Or.,. , i  !,rartuge of the shuilt-t.pe reg;lmoi is 
the inherent ovcri, 1 and short-circuit protection offered. 
This is t e a u s e  t . series resistance, As, is tehveen the 
3 c  Z O ~ C S  m? !hl !ccd: t h ~ s ,  " chnn ~ i r n l i t  or nv~rload 
merely decreases the output voltage drom the regulator cir- 
cuit. Note tho1 under no-load conditions, however, the 
s%nt rqulatinc device must rjissipnte the full output: 
ths;sfor~, !kc ~C:ct-t;~e rqul"tor !s most ?"en us& in 
constmr-ioad oppi~couons. 

ORIGINAL 
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From t i e  .jeneral discusslm given in the preceding 
porcgioptis, it con be seen that the sh~nt-type voltage iegu- 
lotor is essentially c .ioltcqe-&vi.ier circuit, .with tne out- 
put voltage produced ocross tne load belnq held essentially 
canstont, r-qordless 3f input voltoge or load cxrent vorio- 
tions. The control action requlred to vary the resistance of 
R,. snd, mnsequently, to produce a vorioble-voltage drop, 
i s  completely ailtomatx. This basic principle of voltage 
regulation is used in the transistorized, shunt-type voltaqe 
replators to be described later in this section of the hand- 
book. 

Serial-Type Rspulator. The series-type regulator, as 
the name implies, places the requloting device in series 
with the load; reguloticr. occurs a s  the result of vorying the 
voltage drop across the series device. Tne series regulator 
i s  preferable for highvoltoge and medium+utput-current 
applications where the load may be subject to mnsideroble 
variation. Most critical semiconductor applications requir- 
ing o requloted voltoge souice utilize the series-type regu- 
lotor; os  a result, there are many regulator circuit confiqura- 
tions. Tnese circuit configurations vary from one applica- 
tion to aaother, depending upon the rqulotion requ~red to 
be maintained over a given temperature range. Tne series- 
type regulator employs o regulatoramplifier circuit which 
has thesame basic function as the regulatorilmplifier cir- 
cuit in the electron-tube regulator. 

The series-type regulator con be compared to a vorioble 
resistance in series with the d-c source and the load, thus 
forming a voltoge divider; the variableresistance octior. of 
the series ieguloting device maintains the output voltage 
across the load resistance ot a constant volue. 

A simple series-type voltoae-requlotor circuit is shown . . . . 
in the ocmmpanylnq illustrotlon to help explain this 
principle of voltoqe regulation. 

R E G U L 4 T I N G  
U N R E G U L A T E D  DEVICE 

INPUT 

( F R O M  0-C 
S O U R C E )  

Simple Sarier-Type Voltage-Regulator Circuit 

The variable resistor, Rs, 1s in series with the lwd 
resistance, RL; thus, the two resistances in series form 
a voltoge divider ocross the input voltoge. Tne lood cur- 
rent posses through irs, and couses u voltage drop to occur 
ocross it. The voltage drop across Rs depends upon the 
volue of resistance of Rs and the lwd current thiough it. 
S~nce the input voltage to the regulator circuit i s  oiways 
greuter than the desired o~~tput voltage, the voltoge drop 
across series resistor Rs :s "cried ta obtain the desired 
value of output voltage across load resistance RL. 
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If the Input voltage to the regulator circuit decreases, 
the valtaqe across lwd resistmce RL and variable resis- 
toi Rs olso deneoses; to counteract thls voltage decrease, 
the resistance of varloble resistor Rs is decreased so 
that a smaller voltage drop occurs across Rs, ond the volt- 
age across the load resistance returns to its former value. 
Canversely if the input voltage to the regulator circuit in- 
crwses,  the voltage across lood resistance RL also in- 
creases; to counteract this voltage innwse ,  the resistance 
of Rs i s  increased so that o larger voltoge drop occurs 
across Rs, and the voltoge ocross the load returns to its 
former value. 

In a practical transistorized seiies-type regulator, the 
series regulotinq device must be capable of carrying the 
full-load current of the regulator. Regulation is performed 
by sampling the output voltoqe token from a voltaqe divider 
and comparing this sample voltage with o reference voltage; 
any deviation from the desired output voltoge when compared 
with the reference voltaqe represents an error voltoqe, 
which i s  amplified and used to control the series device. 
It i s  interestinq to note [hot a simple shunt-type regulator, 
using a breakdown (Zener) diode, is frequently employed a s  
the reference-voltoge source or a s  a preregulotor in more 
complex series-type regulators. 

From the senerd disolssian aiven in the precedina 
paragraphs, it con be seen that the series-type (as  well as 
the shunt-twel voltoae rwulator i s  essentiollv a voltaae- . . - .  
divider circuit, with the output voltage produckd acrossthe 
load being held essentially constant, regardless of input 
voltoqe or load current variations. The control anion re- 
quired to vary the series regulating device, and, consequent- 
ly, to produce a corresponding variablevoltage drop, i s  
completely automatic. This basic principle of voltage regv 
lotion i s  used in the transistorized, series-type wltage 
regulators to be described loter in this section of the hand- 
book. 

BREAKDOWN DIODE SNUNT-TYPE REGULATOR. 

APPLICATION. 
' h e  breakdown-diode shunt-type regulator i s  used as a 

voltage regulator where the iood i s  relatively constant. 
This circuit i s  frequently used in more complex regulator 
circuits as a reference-voltage source and as a preregulator 
in transistorized series-type regulators. 

CHARACTERISTICS. 
Uses a breokdown, or Zener, diode a s  shunt regulating 

device. 
Regulated output voltage to load i s  nearly mnstmt, 

even thouah chanaes in input voltoae or chanaes in load 
current occur. 

Voltoae-divider princiule emuloved, usina fixed resist- 
once and brmkdown diode in series; reguloted load i s  taken 
from across diode. 

Vorlation in basic circuit permits positive or negative 
voltages to be regulated. 

CIRCUIT ANALYSIS. 
General. ?he breakdown-diode regulator is the simplest 

form of shunt-type regulator. The regulator circuit consists 

ORIGINAL 
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of a fixed resistor in series with a breakdown, or Zener, 
diode. The regulated output voltoqe is developed ocross 
the diode: thereiore, the load i s  connected across the diode. 
The reguiotor circuit develops a definite output voltage 
which i s  dependent upon thecharacteristics oi the particular 
breakdoim diode: breakdown diodes are presently ;ailable 
with voltage rotlngs &meen i and iG volts, in  5, :&, un6 
20-percent tolerances, and with wwer dissiwtion ratlnas 
os high a s  5D watts. ' 

The brwkdorm, or Zener, diode i s  aPN junction which 
has been modified during its monuiacture toproduce a spec- 
ific breakdown voltaqe level: it operates with a relatively 
close voltaae toleran& over a considerable ronoe of r e  
verse current. The breakdown diode i s  s~b jec t  to a vario- - - . 

.:*i A ..Lnno :" 30mDe'?tQre O! the j!rii?~. livll ... .-.- e ....,-..q.... ... ..... 
o circuit which compensates for this chonqe in resistonce 
i s  dscussed loter. The basic theory for the breakdorm 
dlode i s  discussed in Section 3, Gene;-1 :nfon,atlon an 
Semiconductor Circuits. 

C i r s v l t  Operollon. in  the accompanying circuit s c h t  
matics, ports A and B illustrate a breakdown diode used in 
a basic voltagerqulotor circuit. The two parts are ident- 
ical in configuration to the electron-tube, gaseous-type volt- 
age regulators discussed earlier in this section of the hond- 
book. Resistor R1 i s  the series resistor: semiconductor 
VPi is a breakdown, or Zener, diode. The circuit in p a t  
A provides regulotio~ of o positive input voltage, whiie the 
circuit in p a t  B provides requlation of a neqative input 
voltage. 

2, ?::iqz of the b : ~ ~ L ? o ~ z - d l ~ ? e  reqz~!n!~i d i ! f e ~  
from [hat of the 30s-tuoe rqi:moi c i r a i t  i; that nc "!i;- 
ing", or "ionizing", potential must be considered when the 
value of ine series resistonce is determined. It 1s l i ~ e i . ~  
that both the input voltage md the load NIIent for the rep-  

U N R E G U L A T E D  
#,,PUT 

i 
R E G U L A T E D  

( F R O M  O-C vR!i pzr 
S O ~ D C E !  J 

I ! 

U N R E G U L A T E D  i ! D E G U L A T E D  
.,D,.,T 3 " i i " i  
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lotor will be subject to variation: therefore, the breokdown- 
diode regulator i s  designed to operaie within the extremes 
to be encountered. The series resistor, El, needs only to 
stabilize the load; it compensates for my diiference b e  
tween ihe ddr operating voltage and the iareqti!o:ed ic- 
put voltoge. The value of the series resistor depends upon 
.L- ---L:..A -.-.-- r .  -6 r i -  L . Y L A ~ . . ~  A i d n  - A  tb 
,I,= L",,,",,,C" Lu.c,,." -A .... -.-".."" ..,, ".""- -. 
I ne series resisTor i s  generally chusrri wit!, ihr following 
ioctors in mind: the mini mi;^, vdue of input voltage (ill- 
regulated], the maximum value of lwd current, the m~nimum 
volue of breakdown-diode cwrent, md, knowing the diode 
chmocteristics, the value oi the highest voltage to be 
developed ocross the breokiown diode and its parallel load 
resistance, Once the value of series resistor 3 1  is deter- 

,. . . , .. , 
?in?c> :1e - l x ; n u l  y w e r  o:ss:ua:,u:: 1 : )  i::r ilwr L1?,! uc 

orrived at by considering the maximum volue of input volt- 
cge (ilnregulsted), the linimsm "due of load current, one 
:he xinix.- ,:a!.e o! voltoqe developed ocmss r i p  h n d e  
("sin3 :;e .jilji cf ;exen ."-'-."--" *-."":';:.-,: !,, ":: - .Lu*oL"..bL L".4"..u..b- .,.,. 
7" ...A . ,,. n!.*";m ... ,,,e, ,, -".-... s!&le 3p~c!ion, !I-? b r ~ ? k d o w  rllnde 
must be operated so that its reverse current falls within 
i ts m~nimum and noximum ratings for thespecified voltage. 
It i s  important to rote that under no-lood conditions, the 
breakdown diode must dissipate the fu!l output power; there 
fore, this requlator circuit is never iised in opp1;cotions 
.where a no-load condition i s  llkely to exist. !nsteod, the 
breokdown-dlode regulator is most often used in  applica- 
tions where the output voltage i s  fixed md the load current 
i s  relatively constant. 

If the input voltage to the reoulator circuit decreases, 
!he vo!!u;e decrease a p w m  ?cross the  t.reakakdow, diode; 
V R l ,  and ~mmediately the current through the d ~ d e  de- 
zreoses; thus, the !ot.~i m i e r !  !!.ro2gh series iesistiii ?,: 
decreases, and the voltage d-op across R1 decreases pic- 
portionately, so t b t  for 311 practical purposes the outpdt 
voltage across the load resistmce (and breakdovm diode) 

rquiotor circluit increases, the voltoqe increase oppears 
ocross the breakdown dlcde, ond ~mme%otely the current 
th:o-gh !he &ode ~ICILYIEPC: t h l i ~ ,  the total mrrent throwqh 
series rrsistcr Rl incimses, and the voltoge drop ocmss 
"1 :---- -----..:"-".-I.. m *,,A f,.." n."M<*", -,,,. , I ,  L~8L2ezSes ~ L " w , L . " , , " L ~ . y ,  s" ..,". .", "ll F ~ "  -,.- ". r - ~  

n c s e ~  the 92tp111 voltone rlrrnss the IOOA I P S ~ S ~ O ~ C P  (and 
diode) remains the some. 

" r l .  -.-".. 2 i.. .La ,^^A .nii-t"r-.p 
'L L'IC . " C . L . , .  "." .... ", ... - .r-.. 

.!!? i<:!%d ,~.,:r!e?!! (2cer: fro? tk,? i::;;: <,-~,:??* :=: cb =EGc: 
;:,u!2>J, ....l.> '--. I.. ' --=-.; :- .i i *i 

b" L--+..LII.., ..iL__ii. . .  _i..: i ..,- "., . . E  
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variation of the impedance of the breakdown diode. The 
temperoture coefficient of resistance of the breakdown 
diode i s  normally several times larger than the negotive 
temperoture coefficient of resistance of either the forward- 
biosed or reversed-biased junction diode. To obtain o zero 
coefficient of resistance over a wide range of temperotures. 
one commonly used method of temperoture compensation uses 
negativetemperature devices, such a s  forward-biased dio- 
des or thermistors, in series with the breakdown diode. 
This method i s  illustrated in theacmmpanying diogrom. uNRE31 INPUT =I R E G U L A T E D  OUTPUT 

(FROM 0-C 
S O U R C E 1  

- - 
- - 

Tempemture-Conpensated Vo1t.g.-Regulator Circuits 

The negative temperoture coefficient of resistance of 
diodes CR2 md CR3 in series equals the positive temper- 
ature coefficient of resistance of the breakdown diode, V R I  
By using forward biasing for diodes CR2 ond CR3, the volt- 
age drop acmss them will be kept to a minimum and, mn- 
sequently, will hwe  negligible effect on the value of the 
output voltaae. 

When the-voltogeregulator circuit i s  temperoturecom- 
~ensoted a s  described above. the total resistance of VR1 
C R ~ ,  and CR3, in series, remains constant over a wide 
range of temperatures; the end result i s  a constant voltoqe 
output, even though temperature, applied input voltage, or 
load cwrent may chonqe during operotion. 

Silicon breakdown diodes me generally used as the 
referencevoltage source in the more complex transistorized 
regulators because the breakdown voltoqe of a silicon 
breakdown dicde i s  relatively constant over a wide range 
of reverse current. 

FAILURE ANALYSIS. 
G.n.rol. The shunt-type voltoqeregulator circuit should 

never be operated without a load, since the no-load condi- 
tion causes the breakdown diode to conduct heavily and it 
must dissipate power which i s  normally dissipated by the 
load resistance. In this case, if the moximum power dis- 
sipation or moximum reverse current rating of the break- 
down diode i s  e x d e d  for rmy length of time, the diode 
may be damaged; thus, breakdown diode VR1 moy be sus- 
pected a s  a possible source of trouble. Therefore, the load 
circuit should be carefully checked to determine that a imd 
i s  presented to the regulator circuit at all times. It i s  also 
necessary to make d z  voltage measurements at the input 
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terminals of the regulator circuit to determine whether volt- 
age i s  applied and whether it 1s within tolerance. 

The operation of theshunt-type regulotor i s  based upon 
the voltage-divider principle; therefore, voltage measure- 
ments mode across the output terminals of the regulotor cir- 
cuit and ocross series resistor Rl  (observing correR volt- 
meter ~olaritvi are necessorv to determine whether the out- . . 
put voltage i s  within tolerance and whether the drop across 
series resistor Rl  i s  excessive. If the load i s  shorted. 
there will be no output from the regulator circuit, and the 
full output voltaqe will be measured across series resistor 
R1. Also, if series resistor R1 should become own, there 
will be no output from the circuit, and the full output voltage 
will be measured across the resistor. The value of series 
resistor R1 can be checked bv ohm met^ measurement to 
determine whether any chonge in resistance hos occurred; 
disconnect one terminal of Rl  from the circuit when makina 
the measurement. 

If brwkdown diode LIR1, or diode CR2 or CR3, should 
become open, the output voitage will be higher than normal; 
if brwkdown diode VR1 should foil and become shorted. 
the voltage will be lower than normal, and diodes CR2 ond 
CR3 will become overloaded. If diodes CR2 and CR3 
should fail and become shorted, the output voltage will be 
subject to changes with temperoture variations, since the 
temperature coefficient of resistance for the series diode 
combination will be changed. In general, if the output volt- 
age i s  above normal, this i s  on indication that either on 
open circuit or an innease in impedance has occurred in 
the shunt elements VR1, CR2, and CR3) or in the lmd of 
the regulator circuit. If the output voltaqe i s  below normal, 
this indicates that either series resistor Rl  has increased 
in value, the input voltoge i s  below normal, or the load cur- 
rent i s  excessive because of o decrease in load resistance 
(excessive leakage or shorted components in the load cir- 
cuit). 

ORIGINAL 





ELECTRONIC CIRCUITS NAVSHIPS 

can be seen that in octuol practice when the contacts open 
and close rapidly to intermittently short out resistor R2, 
the output voltoge will reoch o value which i s  greater than 
60 percent of the desired value and less than the maximun 
value. For example, when the output voltage of the genero- 
tor rises above a niticol volue, the voltage developed 
ocross the potential coil of the relay develops sufficient 
mognetic flux to attract the armature (or reed), ond con- 
tacts 1 and 2 of the relay momentarily open to place resis- 
tor R2 in series with the shunt field winding. Tnus, the 
current through the field i s  momentarily reduced and the 
output vol tqe  of the generator i s  also momentonly reduced. 
Then, when the output voltoge of the generator drops below 
a nitical value (after the opening of contacts 1 ond 2), the 
voltage developed across the potential coil decreases so 
that there i s  no longer sufficient magnetic flux to attract 
the armature, and contacts 1 and 2 of the relay close to 
short out resistor R2. Thus, the current through the field 
winding i s  maximum and the output voltoge of the generotor 
i s  momentorily increased. 

The cycle described above i s  repeated when the po- 
tential coil again develops sufficient mognetic flux to ot- 
tract the armature and open thecontacts of the r e lq ;  the 
action desnibed i s  ropid, and continues at a rate of a p  
proximately 60 to 240 times a semnd, so that on average 
voltwe i s  maintained rmardless of chanoes in load. If the 
load is inneased ond th; output voltoge ;ends to fall, the 
momentary voltage decrease i s  reflected by a deneose in 
voltage applied to the potential coil: thus, thearmature vi- 
brates more slowly, permitting an inneased avenge mrrent 
flow in the field winding. As a result, the output voltage 
i s  returned to the norm01 value. On the other hand, if the 
load i s  deneased and the output voltoge tends to rise, the 
momentary voltage increase, when reflected to the poten- 
tial mil,  causes the armatwe to vibrate more rapidly and 
thus denease theaverage current flow in the field winding. 
As a result, theoutput voltage i s  returned to the normal 
value. 

In a practical application of this type of regulation, 
means must be provided for adjusting the regulator to ob- 
tain the desired value of output voltoge. This i s  accomp- 
lished by one or both of the following methods: resistor 
R1 or resistor R2 i s  made adjustable to change the value of 
resistance in the cirmit, or the armature [reed) tension is 
made adjustable to change the mount of magnetic flux re- 
quired to ottract the armature to the solenoid. 

The vibrating-contact regulator i s  sometimes #used to 
control the output of a multiphose a-c Generator (alternator). 
When this i s  thecose, the potential mi l  receives its opero- 
ting curent from a rectifier connected to one phase of the 
a-c output, and the regulation action i s  the same os that 
described for the d c  generator. 

From the brief discussion given here, it nm be seen 
that the vibmtingcontact regulator acts a s  an automatic 
variable resistance in the field circuit of the generator, to 
hold the output voltage at a stwdy value for any change in 
load which occurs within the no-load to full-lood operating 
conditions of the generator. 

Carbon-Pile Regulator. The carbon-pile regulator i s  
commonly used to control theoutput oi generators, olter- 
notors, and invetters used in automotive, shipboard, and oir- 
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croft applications. The carbon-pile regulator operates on 
!he principle of o variable resistance ( i n  the form of o stack 
of carbon disks) in series with the shunt field windin?, to 
control the current through thefieldond thus the output 
voltage of the generator. The accompanying illustration 
shows a simplified circuit for a corbon-pile regdotor. 

POTENTIAL col?+b$%:~ 
L \RON LRMATURE 

Simplified Circuit lor Carbon.Pile Regulator 

In this simplified circuit, resistor R1 i s  o voltoge- 
dropping resistor in series with a solenoid (electromagnet), 
called the potontiol coil; the resistor determines the cur- 
rent flow through the solenoid, and thus affects the mog- 
netic flux developed by the solenoid. A resistance in the 
form of a stack of corbon disks, called the pile, is placed 
in series with the shunt field winding, to act a s  a variable 
resistance which con be controlled automatically. The r e  
sistance of the corbon pile depends upon the mechonicol 
pressure opplied to the pile by a spring which presses a 
movable iron armature against the end of the pile. The 
greater the mechanical pressure opplied to mmpress the 
corbon disks, the smoller will be the resistance of the pile; 
i f  the mechanic01 pressure i s  decreased, the resistance of 
the pile increases. A chanqe in mechanical pressure i s  
accomplished by placement of the solenoid in proximity to 
the iron armature so that the magnetic flux developed by 
the solenoid o d s  to pull (attract) the iron ormoture away 
from the corbon pile. In o steady-state condition, the mog- 
netic force attiocting the iron ormature i s  opposed by the 
mechanical force of thespring ogainst the iron mmoture. 

For example, assume that the output voltoqe of the 
generator rlses above a critical value. The voltoge de- 
veloped ocross the potential mil increases to develop a 
stronger magnetic field. Thus, the potential mil offers 
greater attraction to the iron ormoture and relieves the 
mechonical pressure exerted on the carbon disks; as a re- 
sult, the resistance of the pile increases, the current 
through the shunt field winding decreases, md the output 
voltage returns to its former value. Conversely, when the 
outaut voltaue foils below a nitical value, the voltose 

. ~ 

coil also decreases. Thus, the potential mi l  offers less 
ottraction to the iron ormoture, and the spring places a 
greater mechmlcal pressure on the carbon disks; as a re- 
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sult, the resistance of the pile decreases, the current 
through the shunt field winding increases, ond the output 
voltage returns to i ts former value. 

The operation of the carbon-pile reaulotor may be brief- 
ly summarized a s  follows: when the output voltoge rises. 
the sprinq pressure applied to the carbon pile decreases. 
causing an innease in pile res is toce  one o decrease in 
shunt field current; when the output voltage falls, the 
spring pressure applied to the carbon pile increases, caus- 
ing decrease in pile resistance ond an increase i n  shunt 
field current. n e  resultant decrease or increase in shunt 
field current lowers or raises the qenerator output, accord- 
ingly. 

In n ?nmrt,rni rrpplication 01 this type oi reqdotor, 
means must oe provided ro ndjust tne requia~or in urder ;" 
obtoin the desired vahe c! c;tvt uoltage. This is nor- 
molly accomplished by on lnltlal adjustment of t!?e ~neci- 
micnl sprinq presslire (with resis:or Ul set at m!d-ronve), 
to obtain a steady-stote condition whereby the magnetic 
force ond the mechmical force are in balance; minor varia- 
tions in voltoge characteristics during normal operation are 
compensated ior by an adjustment of resistor R1, which 
controls the mnent through the potential mil, to set the 
qenerotor output voltoge to the desired vclue. 

The discussion in the preceding paragraphs ).as been 
primarily concerned with the operation of the carbon-pile 
regulator in conjunction with o d-c generator; however, this 
type of regulator con be used equally well in an a-c gen- 
erating system. In practice, the output voltoge of a multi- 
phase a-c generator (oiternotorj i s  contro~~irl  by varying 
the d-c excitation current applied to the field winding of 
:he xchine.  !: this case, tilecnibnn-p!le rqlllntor oh- 
toms o d-c voltage for operation of the potential coil irom 
a rectifier which is connected to one phase of the a-c out- 
put, and the regulation anion i s  the same os that describ~ 
d for the di. generotor. 

From the brief discussion given here, it can be seen 
that the carbon-pile requlotor acts as an automatic vc;i&!e 
resistnnce in the field circuit oi a d s  qenerator or in the 
field (exciter) circuit of on o-c qenerator (alternator), to 
hold the output voltage nt a specified value cf voltoge re- 
5nrdless of chanaes in load. 

Mul11t~~ped-R.si.tor Regulator. The multitopped-re- 
cistor rq:lmor i s  co~monly l~seri to mntrol the outaut of --- 2 c , e ; ~ c r s ,  n!tc:n~:ars, ~q.ld izverters 'ise,? in shiphnord nnd 

sk.ore-tcsei ~ > ! i c a i o ? s .  !'he -,:it!!lppei-ms!srnr r y l l -  

13101 operates on the ?rinc$Ie sf o stepped, var!abi? ip- 

jistanse mnnected i- series wlib tne gencmror t!elC win:- 

inq to control the current throqh the field, md thus the 
jifr;! ?! :he :ene:?!?r. % S ~ C O I  1 "  tbp r n ~ : i l i l u ~ ~ e C - r c s ~ s l ~ ~  

replotor consists of c single multitapped resistor (or sev- 
emi resistors connecte6 in series), the terricals of :v:.lc? 
Ire either selected or sboned out automatimllv lo ohtoln 
the desired resistance value. The name given to a particular 
;;--!-to: c--!i--xtio? is &rive? fmm the mmcr in which 
the overall series resistance i s  determined. For exanip!e. 
Lbe name flnpr-tyos requlotor, t1lt.d-plah reqlli~tor, or - .. - 
..~L;.?.d;~k :el;!::c:, r.~:clv c?z? ! :es  the eiertmm-rhuilr 

, .,..>. --J .- --L:*.." -L..?'-, ,-m","?. n,, /Ilru,UU U*" wYCI, ISIL "..," ..-. 
. . 

ond tr.us ootoin o varloo~e-resisrunce u;~.u;l h~i . . i+ .  L..C 
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regulating device. The accompanying illustration shows a 
simplified circuit for a typical multitapped-resistor regulator. 

In this simplified circuit, resistor R l  i s  o voltagediop- 
ping resistor in senes with a solenoid, called the pot.ntial 
coil; the reslstor determines ine current flow throuqh the 
solenoid, md thus affects the magnetic flux developed by 
ine solenoid. Raaibiui R2 i s  tk,e se;ies :i;i$c: ic thz 

CONTACTS 
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4 

Simplified Circuit for Multitoppsd-Rcrirtor Regulator 

shunt-field circuit: Ri i s  a multirapped resistor, with the . . 
tops on the resistor connected to leaf springs (flnqers! 
which me insulated from each other ond ore stacked one 
above the other. E!ectrical contacts ore located ot on? end 
of each leaf spring. These contoas are orronged so tha: 
ns mechonicol pressure i s  increosed at one end [!nwcr end) 
of the stazk. the amber of ei&ctrical mntnas  tbot close i s  
increased to short out seaions of resistor R2. Thus, the 
oreater the mechmical pressure cpplied to the anck of 

~ ~ 

leaf springs, the smaller tne eiienive swles resistance oi 
R i .  If the mechonicoi pressure i s  ,decreased, :h.e eifeaiue 
series resistance ai R2 will be increased. A ckange in 
mechonicoi pressure 1s ocmmpiisied by pincement uf :)re 
solenoid in proximity to the iron armature, which is spring- 
loaded md linked mechanically through a lever system to 
( :  ,,r a uc- , T ~ ~ <  >r ,l,,i r. i7, , = s:e-",,.- . . . .p  " , , " . : , $ , , A , ,  

-"/ _ j l _ _  __ ~ ~~ 

. . 
:~~utjr;etic force attioc:ii,g the iron ::let-rc ic 32:nseCy 

, . 
tr,e m*cfiGlilc~ :J;ce G: ::.c -.,,c:i= 5G::y.; ;:::::.; 2;::::: 

the iron ormoture, ond only o fe;w co~tocts  me closed o. . .  . . [r,e SIaCK u: LCGi > q 1 2 q 2  CG @j,2vi2c >":.,L .;,:c;7:,22=:: .::!.:. 
of :esistance. 

'<he> a ci,<:r~:~e i t :  ,>erterctor GGIG"! . : O ~ Z G C  z ~ c ; : ~ ,  !\,e 
,.",. . . 
.,:,nqe deveiapeg msrojs the jotsntia! ioi! ;53njes: ti,:l 
tile magnetic flux developed by the potent~ai cull oiso 
chanqes. As a result, the mechanical force exerted on i!!r 
stack of leaf springs i s  altered to chmqe the number oi 
coiltaits which a:e c!3sed. This, !C l'lrn, cilm~ph the V O ~ X  . . 
if issist;;;e (9) i:: series ,,uitb t te  sh,~?: f 1 5 q  wbndinr: n i l l  
r:nntprr8suirb ivi iiic iiiciri.2 i n  ;Y:;;: ':z::sjC. .?=I YX- . , - .  .,.- ..- -. .- .. .. ,,"." -. ."" ,~-,,',,,,,,,, " ..,p.., "-" . - . r .  ~ 

;i;c: ctc:c the aiticc! VI!,:C .%? unltn?e "PvP~oPPd 
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across the potential coil increases to develop a stronger 
magnetic field. Thus, the potential coil offers gieater at- 
traction to the i n n  mmoture and deneoses the mechonicol 
pressure exerted on the stack of leaf springs (through the 
lever svsteml: as o result. the volue of resistance (R2)  in . .. . . 
series with the shunt field windinq increases, the current 
throwh the shunt field windinq decreoses, and the output 
voltage returns to i t s  former value. Conversely, when the 
output voltage lolls below a criticol volue, the voltage 
developed ocross the potential coil decreases, and the 
strength of the magnetic field developed by the potential 
coil also decreoses. Thus, the potential mi l  offers less 
attraction to the iron armature, and the m a t u r e  spring 
places a greater mechanical pressure on thestock of leaf 
springs; a s  a result, thevolue of resistance (R2) decreases, 
the current through the shunt field winding increases, and 
the output voltage returns to its former value. 

In a practical application of the multitapped-resistor 
regulator, regardless of the mechanicol coniigurotlon 
employed to change the value of resistance, means must 
be provided for adjusting the regulator to the desired value 
of output voltage. This i s  normally nccomplished by on 
initial adjusunent of the mechanical spring tension which 
acts upon the armature ond lever system (with resistor R1 
set at mid-range), to obtain a stwdy-state condition where 
by the magnetic force and the mechanical force ore in bal- 
ance. Minor variations in voltage chorocteristics during 
normal operation me compensated for by an adjustment of 
resistor R1, which mntrols the current through the potential 
coil, to set the aenerator outout valtooe to the desired value. 

The discussion in the preceding paragraphs has been 
primarilv concerned with the operation of the multitaoaed- . . 
resistor regulator in conjunction with a d-c generotor; how- 
ever, this type of reoulator i s  freauentlv used in an a-c . . 
generating ;;stem. when the multitopped-resistor regulator 
i s  used to control the output of a multiphose a-c generator 
(alternator), the regulator abtains a d s  voltage for operation 
of the potential coil from o rectifier mnnected to one phase 
of the a-c output voltage, ond the regulation action i s  the 
same as that described for the d-c generator. 

In conclusion, it con be seen that the multitapped- 
resistor regulator acts a s  on automatic variable resistance 
ir. the field circuit of a d-c generator or in the field (exciter) 
circuit of an a s  generator (alternatorl, to hold the output 
voltage at a specified vdue of voltoge regardless of 
changes in load. 

From the brief descriptions of voltage regulators given 
in the preceding paragraphs, it can be seen that the vibrat- 
ingsontact regulator, the carbon-pile regulator, and the 
multitapped-resistor regulator ate merely controlled, outo- 
matic variable resistors. The detailed theory of operation 
and theconstruction of electromechmical regulators are 
covered in Navy publications on basic electricity (or in 
murse materials for Drl and AE ratings), and, therefore, will 
not be trwted in this handbook. Only the basic principles 
will be discussed in this section of the handbook, as re- 
quired, to provide a better understanding of the application 
and the failure analysis of the electromechanical regulators 
discussed. 
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