
THE GENERAL RADIO 

Experimenter 

CONSIDERATIONS IN CHOOSING A VOLTAGE REGULATOR 

AN INEXPENSIVE 1-kVA REGULATOR 

A NEW THREE-PHASE REGULATOR 

VOLUME 41 . UMBER 10 /OCTOBER 1967 

www.americanradiohistory.com

www.americanradiohistory.com


Volume 411 • No. 10 
October 1967 

the � Experimenter 
© 1 967 - General Radio Company, West Concord. Mas:s., USA 

Publlsh d mo nthly by th e Gen er al Radio Company 

--- THIS ssuE ---------------------.. 
Pa·ge 

Considerations in the Choice of a Line-Voltage Regulator. . . . . . . . . . . . . 3 
A New 1-kVA Line-Voltage Regulator_ ....................... _ . _ . . 6 
A New Tnree-Phase Regulator . . . . . . . . . . . . . . . . . . . . . . . . . .  _ _  . . . . . . 14 

GENERA RADI 0 co PANV 
We st C o n c o r d  Ma s sach u s etts o 17a1 

SALES A D S RV CE 

A1ea Telephone Area Telephone 
*Boston 617 646-0550 New Haven 203 378-2548 

*Chicago 312 992-0800 *New York (NY) 212 964-.2722 

Cleveland 216 886-0150 (NJ) 201 943-3140 

Connecticut 203 378-2548 Orlando 305 425-4671 

*Dallas 214 ME7-2240 Ottawa 613 233-4237 

Dayton 513 434-6979 Philadelphia 215 646-8030 

Denver 303 447-9225 
San Diego 714 232-2727 

Detro·t 313 261-1750 
San Francisco 415 948-8233 

Houston 713 622-7007 

205 883-2077 
Seattle 206 GL4-7545 

Huntsville 

Indianapolis 317 636-3907 Syracuse 315 454-9323 

•Los Angeles 213 469-6201 *Toronto 416 247-2171 

Montreal 514 737-3673 *Washington/Baltimore 301 946�1600 

•Rep ir services are avail bleat these offices. 

GENERAL !RADIO COMPANY (OVERSEAS) eooe Zurich, Switzerland 

GENERAL RAO 0 COMPANY (U.K.) Ll·MITED, Bourne End, Buckinghamshire, England 

REPRESENTATIVES IN PRINCIPAL. OVERSEAS COUNT·RtES 

www.americanradiohistory.com

www.americanradiohistory.com


SID ERA TIONS IN co 
OF A 

THE CHOICE 

REGULATOR L E-VOLTAGE 

A line-voltage regulator seems a simple 
enough device, designed to P'erform a sim
ple tosk. The temptation is to compare dif
ferent models merel,y by looking at one 
or two of the more obvious specifications. 
The "simple task," however, is complicated 
by a number of factors, especially inc uding 
the characteristics of the load connected to 
the regulator output. The folllowing article 
discusses some of the more subtle aspects 
of this widely used and widely needed 
family of instruments. 

t is widel apprecia ed tha line 
voltage, a d li r by h public 
utility , varies in ampli ud ·Y at 1 a t a  

few percent ( he mo t widely o owed 
nda d i 120 vol ± %) and that 

much wider wings ar likely wh n th 

line is subject to w· de oad ion . 

Iti al o fairly r 11 un er ooi .tYt lin 
voltage hat i t o high or tor low -

eve by a littl f w v ,·t,_ - - an 

decrea e the efficiency or bort n the 
life of many el tri de iee aurl can 
introduce sign " fican rr r ii :m a tir -
ment made wi h electri al instrum nts. 

1 or th r a on , many la ora t, rie 
and manufactur u ut n atic lin -

vol ag regula ors to h ld th! line 

vol ta e to wi hin a few ten hs of a volt 

or bet r of n mi al alue. 
At first glance, th cr1 ri. for a 

vol. a e regulator eem to e . impl , 

chie y in uding he peed wi h which 
the regulator an ct o re ,or voltag 

o a nominal value and th u,t;c�t ra y 

with which it r - tablish s t  is . mnin 1 
value. h re i a great d al 
m re in ol ed, and th ngineer looking 
for a line- ol age regul r mu t be 
willin to r ad all the specific tio s and 

o a se thei · impact o one another 
a d on hi problem. 

Distortion 

Take, for in an , th ma t r of 

i r ion . T appre ia e the sig ifi
ance of distor iqn in a voltag r ul -

or one must keep i min t at a r e
olt ge r g la r mu t be de ig ed to 

dete t and reCTulut a pecific charac

teri tic of ac voltage. (The root-mean
q r harac eri tic i u u 'llY chosen 

as he be t compromi .) That value 
may o may n t orre 

f h d vi ( per a ,d 1 n,1,; � : � regula-

or. li htly load l '«'l �:ii.. '"-input 
de power upp]y rt·:Jp·n1':� � p k 

ltage; thermal d�\·ic.:!.. ·t:,·:-;po.1d to 
rm ; heavily loaJ • "._��Jacrd .., ... --i 1 put 
as w 11 a i du· iv1 . i 1.._,11t p .r ::up

pli nd m chani ·.4� •'.' -,.t'�m a 1ic1·�lly 
r pond to the ver, .. � � v.•l f \T lla� . 

A rel y ra ·k full 1 ·11::-1 ,.-imen ... or e-.ren 

a ingle in rumen, ' .:...y \�dl in ude 
device or pow r su;; p 1 �s ' 1 all three 
r ponse charac erj _;,,_.;_ 'l'he le'. di -

ortion in roduc l ere "Ul oi·, Lhe 
better th r guh Jn1c 
all three char of th 
' bile regulati g only une. 

hu , he tat 'd a"rtirn.cy Qf & reg -

la or mu t be int rp!· \."' in ,he li._ ht. of 

the di tortion pe ·if1cn.ti.nn. A ± .1 % 
ac ura y tat me , i usu��u rr.�· n. ·hat 

he regulator will .old the rms volt - ge 

' i bin ±0. l % f nomin· i. Bu if this 

p ification j · ccorr..n nied by a :�3 
1i tortion figur , ptak-resp u i ,· 

vice op rati g fr m he regulator may 
be faced wi ha, InL�cLt " .., n. 3r;{ ch nge 

·n input volt:\g ; nnd au avera.ge
r sponding dc·.'1 r , im·.y nc lint r as 
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much as a % variation, or 30 or 10 

times the maximum rror implied by 
the specification. 

The electromechanical r gulato 1 util
izing the ontinuou ly adjustable au o
tran form r, introdu e no distortion; in 
contra t, all magn tic regula r avail
a le at pre en intro uce di t, rtio in 
the proc of re ul ting. Furtherm r 
the di ortion componen g n r ted 
are ften t high fr quenci 
portion of the ou put wav 
fa t ri e time1 which may r i h voe 
with some digi al e Uipmen . 

Overshoot 

h re po haracteri i o volt-
a e eg tla ors frequ ntly isplay ome 
oversho t, h am unt b ing a fun ti on 
of the degree of mp·ng in h regula
tor. lthou h one' in inc might u -
gest hat the optimum amou t of 
o r hoot is n ov rsh ot a 11, some 
over hoot u u lly exi s a a byprod u t 
of a fas r ponse har ct ri ic. or -
ov r, th effe t of vers ot an be 
p itive - a , f r in anc 1 ;vhen the 

over hoot, ompensate in p rt for he 
effect f voltag tr nsien the 
devic power d from he r ulator. 

here · s a d li t b lan here; t o 
much over h o ca initi o cillation 
and m an an intolerable d lay in 
r urning voltage to i s nominal value. 

Ov rshoot introduce a roblem in 
the specif yin of espon time. Wh n 
can a voltag tran i nt be aid to 
be corr ct - when the vol e first 
comes within p cified a curacy limit 
(even thou h over h t u e u tly 
takes it out ide th limits) or when 
th volt ge is within the a ura y lirni 
to stay? ommon practi ignores th 
overshoot, ut the canny buyer will do 
otherwise. 

• 

kVA ,Ratings and Overloads 

oad ra · ng i another innocent
lookino- specifi, ation that can be mi -
lea ing. ot that 1-kV A regul tor 
won t handl 1 kV ; it alm certainly 
will, but tar in()' urg can momen
tarily v rload a regulat r that is o h r
wi e a quat ly r L · d. Electromechan
i al regulat rs u "'in autiotran f rm er 

an rea ily ' i b tand 10 -percent 
shor - erm o , rload . ut magnetic 
uni· typi lly u f t-blow fu es or 
di ablin ciI cuit · o prote 1 components 
from damage, an such fas -acting pro
tecti v devices can prev nt mea ure
men of t rt-up ime of s rvo or 

in uction motor 1 high-p wer d eyed, 
or pul d e uipm, nt, c. In tes ·s at 

R, a 1-k , 12 -volt magnetic r gula-
tor, whi h one would n rmally exp t 

o con rol a kilowatt mfortably, blew 
fu r peat dly when a l 00-wat 
incand sc nt bulb was connect d to its 
output. 

· gh s artin urg s mu t be ex-
p t d in h turn- n of incande ent 
lamp , in tion mo or , and trans
former- quipp devi 

Response Speed 

he time r quired for a regulator 
to r ore prop r ou put voltage after 
a line or l · d ·· tur ance i ano her 
imp or' ant haract ri ic. inc the cor
r ction proceed sentially exponen
t· ally in a ma netic r, ulator and 
linearly in an 1 trom hanical regula-
t r, ach typ expre re pon e spee 
or c r:r ction time diff rently. or 
electromech ni al regulators, r ponse 

p ed or c rrecti n tim ha traditi n
ally be n stated in vol s r sec nd or 
seconds per v It, respectively, with th 
giv n valu based on the full slew 
speed of the servo sy tern. Of cour e, 
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·he system requires som m 11 amoun 
of tim to ttain his peed, and a more 
accurate ex pr s ion for conec ion ime 
would therlifore be in t rm f a fixed 
tim plu 
magnitu � 
adopted thi in 

he pecifica ions for th ine-volta e 
regul to in r du d lat r in ue. 

For a m gne ic r 1 or, 
con nt i p ifi d - i. e. , 
take t orr t 3 p re, n f h err r. 

sually from two o f o r time , ·on ta.nts 
r q uir d o correct an mpu dis

t ' i hin th p cified ac-
curacy . 

H w can the two different xpres-

ion c mpared? b iou ly, one 
mu t know the ma :rni ude of the input 
dis ur an e before any direc c mpari-
son an m de. In g n raL, f r th 

1 ually en ounter d m ll but u d n 
voltage st ps su rpos d on 1 r .er but 

l wcr volt g 
d f th 

ma ne ic r 
e same. For 

10- t 20-p r n · in line
ry 
ly 

vol a e step , n iLher r ula or i 
fas , but he mag etic ype is d fini 
th fa t r of the tw 

lood Effects, 

Common con p ion ha 1 he lin -
voltage regulator ac p in v y 

voltage at i input and pre nting a 
on nt ol t it ut u . hanues 

in load o'r power f tor ,  as well s 
he surge effect discussed earlier, can 

Uy r at v ltag han a ·r-at 
as tbos on he unr gu ated power lin . 
All the ag e ic regula ors te ted at 

�R ere significant]y affect d by m d
erate load han es, r ultin . in a re
cov,ery tim.e comparable to hat required 

October 1967 

to orr,e a large input tran ient ven 
though he input lt g rem i d con
stant. Fur hermore, the waveform wa 
mo ifi d., hanging h p ak and aver
age values of output voltage even 
though the rms level was main ain d. 

Th lee r m bani al r gu1ator, on 
h other hand, is lit le affected by load 

changes, becau e of he low output 
im n ] oupting etween 
input and output of he autotransformer. 

line-Frequency Effects 

The po ·er c mpany generally holds 
it lin fr- n y v ry l the 
nomin 1 value, an wh t sli ht d via.-

i n her are no normally affect 
r g la r p rf orm nc . the fi Id, 
however , a par able gener tor may well 

off ' or 0 lz more o n t a it ·s 
on, n h r, in li maJ r ur of 
distortion and poor voltage r ul ion. 

· e-frequency hi s po e a par icul r 
pr l m f r he magnetic regulator, and 
manufactur r of th , cauti n hat the 
s ·te rf o ·m-a spe ifica ion a ly 
only at 5 or 60 Hz. devia ion of 5 
p r nt in frcqu ncy increases the d·s-

o tio o yp· ca ly 5 p re n 1 10-
p rcent deviaLion o the to 10-
p r nt l v . h , l c romech.anical 
reg. la r, on h oth r h d, i , en
tially unaffected by line-fr qu ncy 
variati n , v n f he degree encoun
te d with p rt ble g n rat r . 

Efficiency 

ince a voltage regula or is often a 
con inuou -duty d vice, fficiency is an 
important f or, bo h f  om the point of 
view of hermal problem a ociated 
wit r lay r k full of e uipm, nt and 
from. that f th increased physical siz 
and weight n ary to dissipate large 
amount of power. mall iz,e and 
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weight ar , of course, al o impod:..n t 
for th ir own ake, sp i Uy' it1e the 
regulator i x to e per a le u 
field s rvi e. or a gi en powui' level, 
th 1 ctromechanical re ul tor is no ;; 
a ail ble at les han one thi <l th_ 
weigh and at i nifi an ly 1 r cost 

han comparable magnetic r gulators. 

Summary 

The following tabl summarize th 
important characteristic of h t' o 
important la s f lin -vol a e regula
tor. A third type, he fully electr nic 
r ul tor ( cill tor-power a.mplifi r) 
potentially ha the high es perf orman e 
of all but t pre ent i not commercially 

competitive with th t e typ s. 

The table indica es the relative merit 
of he lectromechanical and ina ne ic 
regulators. 

TABLE 1. 

Characteristics of Voltage Regu ators 

RA Y 
0 ESPEED 

hig 

Electro-
1nechanical 

Jlent 
x llent 

wider ng 
availa 1 

no eadded 
highest 

one 
none 
low 
low 

III RA 

A EW 
LINE-VOLTAGE 

1-kVA 
REGULA OR 

Type 1591-A Avtomat c 
L ne-Voltage Regulator, 
available 'n portable 
(top) and relay-rack 

(boHom) v rslons. 

A new, greatly simplified control circuit 
has allowed us to extend the advantages of 
the electromechanical line-voltage regulator 
to the low-power range. The 1 -kVA regula
tor described below (and shown on this 
month's cover) is a small, lightweight, inex
pensive unit sca,led to serve the average 
bench or relay rack. 

In the preceding rticle, the electro-
mechanical lin -vol ge guiator i 
seen hav igni cant adv ntag s over 
th magnetic r, ulator, particularly 
with resp c t distortion (hence, ability 
to maintain the peak and average, 
along with the rm , level of voltage) 

fficiency, in ensi ivity to line-frequ n
cy and pow r-f actor variations, ize and 
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weight. or over a decade GR has of
fered 6-k and larger regulat r with 
the above advant g . However, all 
att mpts to off er lower-powered units 
at commen ura price ha e been 
frus rat d by the fact that th manu
facturing co t of he ontrol c·rcuitry 
wa entially independ nt of the 
power-handling rating of the r ulator; 
th r was thu no incentive for the 
custom r to uy or hcref re f r R to 
offer a l w-power unit. verth I , 

the need f r mall r ulat r has in
cr d with time, spurr d y the 
relatively low pm r requirem nts of 

olid- t t d ign and the in r a d 
use of group f i1 strum nt in rel y 
r ·k . n th perf ormanc side, we 
have en 1n r as d man s for hi her 
level of ura y urement 

n f r the high t reli bil-
, ·with r a n b1e cost. It i 

THE GR TYPE 1591 SERIES OF REGULATORS 

s elopm nt f a 
new, grea ly implifi nt ol ircuit, 
it is po i l f r the fir t time to pro uc 
an in x ensi e 1-k ele r m chan
ical re ul'a or. his n w regulator, the 
portable v r ion of whi h ighs only 

17 pounds an nee un r $3 O*, is 
GR's TYPE 1 

our models a availa le to cover 
15� and 23 -v lt service in th 

portabl and rel y-rack p k g s. The 
only diff r nee in ratings i that the 
'230-volt m dels are rated at 0. kV , 

the 20% derating of 

October 1967 

aut tran former in g ing from 15- to 
230- olt pcration. 11 m d 1 have 
id ntical contr I circuit 

Operating Characteristics 

h 15 will main ain he output 
t 11- volt (adju tabl from 

o 125 v lts) with an a ur cy of 
.2 p rcent f r imul n u inp t

En v rin.tions fr m 1 to 130 v 1 s, 
load v ria i ns from no loa t full 
load, pow r-facLor v riation from 1.0 
to 0 leadin r lagging, and Lin -
frequ n y var1a ions of ±10 percent. 

orr ti takes place within cycles 
+ 1.5 cycl p r olt. 

Outp t volto.g of the 2. -volt units 
is adjust ble from 21 o 250 volts and 
input-line varia ions fr m 200 to 2 0 
volts are corr t d when ih utput 
voltag i et t 2 0 lt .. orrection 
take pla ycle +o.7 cycl 
p r v  l. 

Fi ure 1 h s r ding f the 

u put voltage of f ur differ nt 159l''s 
und r variou combinations of input 
voltage and I ad. 

ehind th r cording of 

li an intere ting tory. Over year 
ag 100 m dels of the 15 1 were con

tru ted. f he ma y te ts onducted, 
perhaps the mo t important w a one-

7 
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year round-th clock lif e t of 40 of 
these units. There were n f ilures. 
From his gr up of 0, f ur unit w re 
randomly ele ted. and p t thr ugh an 
accelera d ljf est, in which th 1 15-

Figure 11. Recordings showing the performanice of 
·four different 1591 regulators 1u•nder changing line 
and fuU-load and no-load conditions. Two of the 
regulato·rs (top and bottom) wer·e new; the ot·her 
two had been put through a Ol\·e-year round-

lhe-cloc k life test, 

volt line wa m ul 1ted at a 3.5· 

hertz rate, u j ting mo r-g ar train, 
Varia · au otran former and con rol 
cir uitry o w 11 over a uarter of a 
million cillations p r ay. whil oper

t nearly full 1 a ·ating. s f 
iting, the 10-milli n-cycle mark 

is at hand. Th re h b en no lubrica
tion or dj tm nt ( he nly just-

1ent po sible - int rnal r external -
is he front-pa l vol aue con r 1). wo 
of the e f 
domly 1 

l 
, wo in truments w re new. 

an you t ll the di.ff er nee. 

The tw r l y-rack versions of th 

5 l, i addition to mee ·ng the u ual 
GR instrumen s standard for humid

and op rat·ng tempera
in which h y 

55 Hz in one· 
minute . weep minutes in all 
thre pl nes a d at a 30-mil peak-to
peak amplitude. They als pa e the 
Air- or e b nch-drop test and the 
s andard 30-g, 1 1-m hock test, having 
been ubje ed to this hr, tim m 
six different di ec i ns. These e t w re 

con uc d while the 1591' were bo h 

operating an nonoperating. 
he ability of t e el ctromechanical 

regula or in g n ral and the 15, 1 peci
ficall o ra k the .. verage and peak 
value while actually et cting the rm 

valu is ill 1ra ed in Fi u e 2a. ( he 
re elution of all three vol meters was 
0.1 percent; th band ther for indi
ca e t e minimum detectable limits or 
r lution.) a comparison, similar 
plot f two of the be t urren ly a ail
able magn i regula or are shown m 
Figure 2b n 2c. i ure 2d, 2e, an 2 
how the corr pon ing u put wa e-

shapes of th regulators. 
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d 

125 l!IO 
• 

125 I 0 
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Figure 2. Curves sho·wing the abiUty (a) ·of the 1591 a·nd (b, c) of two new m.agnetlc 
reg111l'atora to hack p•eak and average vo.l'tage as well as rms. Distortion Introduced 
by the three regulators la seen in the c;orrespondlng waveforms at th·e· right (d, e, f). 

�igure a, b an 3 compar h 

pe -, rm , and av rage outpu levels 
for the e thr e r ula or with con tan 
input voltage bu varying load curr n . 

aryin load urr nt introduces dis or
tion in the magne ic r ula ors but not 
in h 159l's. s suggested in the 
pr c ding ar icle, here are few in

stances in which a 1-k A load, whether 
i co ists of one or many in rument , 
r quire regula io of rms voltag level 
to within ±0. 1 p rcent an yet an 
tolerate up t 1- or -perce t l v 1 
changes in average nd peak voltage. 

Speed of Response 

The speed wi h which the 1591 cor
r c large voltage transients is shown 
in igure 4a, an o cillo cope recording 
o:f the po itive p ak of the output 
voltage (rms readings t he e correction 

lll 
117 

I!! 116 
_, 115 
�114 
!; 113 
.. 112 
�Ill 
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110 

1090 
a 

ne 
117 

.. 116 
� 115 
� 114 
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0 
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11e 
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f:? I HI 
�11:; 
.... 114 
� 113 �11% 
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.--
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109 0 
c 
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I.I 

, . .,,,. 
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2.1 
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Jl-P 

3.Z 4.2 !i-3 
LOAO CURflENT 

...... , 
� -

__.. ......... 

3..2 4.t " 
LO.AO CURRENT 

-AllG 
-........ --

2.1 3.2 4.2 53 
LOAD CUR:RENT 

--, 

......... 

L7 

.... 
-........ 

$.7 

· -

7.• .j 

� 

7.8 &7 

7.• L7 

F·gure 3. Curv·es showing the effects of load
currenl changes 011 output volta,g·e for (a) the 

159 1 and (b, c) two magnetic regulators. 
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Figure 4. In a and b, we see the respon$e of the 
159 1 and of a magnetic regulator, respectively, to 
a lO·V ITonslent. The magnetic reg·ulator corrects 
fatter, but overshoot appears excessive. The 
response characteristics of the same regulators to 
a 2-V transient (c and d) show litHe difference. 

rate arevirt ally imp ible to t "n). 
ote hat i tak approximately 1 

cycle for the voltage o reach nominal 
level, follow d by a mall ov rcorrec
tion. This i equival nt to a corr ction 
speed f 60 vol p r cond. he corre -
tion rate p cifie f r the 1- 1 take 
'nto account wor t- ase c ndi i n , • uch 
a output "'Ol g et t I wer limi , et . 

igure 4b how he same t m de 
on a ma ne ic r ulator. II re we see 
the fort of th magnetic r gulator -
a hi h correction rate f r large input

lin 
mailer input-line tran ients 

more commonly c unter d, the re
sult ar often different, a hown in 
Figures 4c an d. In this ca e, the 
input volt e chang by 2 vol ; the 

.. 

f 

, ..... IlliiliLilllililll�illllilll� 
Figure 5. Oscillograms showing the puformcince 
of a 1591 (a, c, e) and of a magnetic regufgfor 
(b, d, f) in the face of changing load conditions. 
In a ond b, load current was changed �om 5 to 6 
amperes. rn c and d, half th load current was 
r-emoved. In e and f, a 600-watt incandescent 
light was connected. Note that the magnetic re.gu
lator's protective clrcu"t was triggered by the 
starting surge of the 600-watt load, even though 

the regulator was rated at 1 kVA. 

r pon e h rac en of the two 
regulator e now en to be om-
para I . 
Load Effects 

The e tr m ly ta le · harac eri tic 
f the 1591 under v rying load condi

tion are illu trated in Figure 5. 
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\ ---------- --O MOTOR DRIVE 

\ 
\ 

Mt:C ICAL. 
STOP m:m:z:a R3 

R4 

... 
Figure 6. Elementary schematic diagram of the Type 1 59 1  Automatic Line-Voltage 

R gulator .• 

i urc 5a how 
cha ge when the load 
15 1 is changed b 

·nu r t 

forman e m 

pu 

that the inpu oltage 

ol age 
he 

on tan . Figure c and 5 the 
ou put-voltag ariati n for 1591 
an for he ma ne, ic r ula or r p 

i ely, when one half of , h maximum 
1 ad urrent i remo · ed, imula ing he 
turning off of s m of he in rum n 
p w red by one re ulator. Ji i u re 5e 

nd 5f illu ra e the performance when 
a 600-wat incand 1 ad a ap-
pli d to both regul ctive 
cir ui of the magne i regula or re
duced the u put voltage o ome low 
value for approxima. ely one h lf a 

n before turning on again. l 00-
watt in nd c n l ad could no con
siste tly be turned on wi h 

· 
r gula

tor, blowing a fuse app o':xirnately every 
third a mp . A 15 1 was tested using 
a 30 -watt lamp 1 ad ·th an on-off 
cycle of 5 se ond . · h t t a con
cluded many cycle la er, wi h n t a 
single interruption of service. 

Warmup Drift and Temperature 

Coefficient 

e warmup drif f th 1 591, in 
pite of the fac that it us s a thermal 

d vice as a reference , is negligible -
y ically I th .2 p rcen from a 

col rt wi h .1 re nt ccurring in 
the fi t 5 to 10 minut 

The temperature coefficient of h 

in trument is pecifi d at le than 
0.0 1 %/0 and i typically 50 p m/°C. 
How It Works 

igure 6 i an el men ary diagram of 
he 159 vol g r gul or. T . on er 
he unregulated line voltag o r gu

lat d utpu , the high side of t e input 
lin 1 conn ct d he brush i the 

ar1ac au o an f rmer. By precise 
ontrol of the brush po ition on th 

winding , the vol -per-turn a�d con e
quen ly h u ut It g · ar held 

constant. Figure 1 has indicated that 
h re oluti n of the 159 1 is oft n 

wi hin a f w hundr d h of a percent 
an yet th riac ha n apparent 
resolu ·on of three quarters f a  volt per 
turn. The brus of a ariac acts as a 

fin voltage di ider, capable of sub-

1 1 
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I 
the Expe imenter 

OUTER 
MAG ET 

0.00� APPROXl!JilATE 
CLEA.RANCE 

MOTOR 

.... 
Figure 7. Cross-section view ,of 

lhe eddy-crurrent brake. 

dividing the ol a e of tw adj acen 
turn f wire by a signifi ant fac r. 

In thi regu a or, he ariac ru h 
l dri en by a rvo mo or thr ugh a 

: 1  gear train. (Thi t r i the ame 
a hat u d on th R 571 mili arized 
voltag regula or.) To abilize he 

rvo sys em some damping mu be 
introduced. his fun on is rv d m 
the 15 1 y an eddy-curren brake. 

Th eddy-c rren b ake ( i ur 7) 

con ists of · gh-condu ance alumi-
num disk and wo ma n ts. The di k i 

h motor ro or and re
n he magn t l w 

motor p ed (min r voltage orr -
tions), n ignificant hold-back or ue 
is g ner by th brake, and full 
tor ue i available for bru h p i ion..
ing. When larger correc ion ( aster 
motor p d) are requir , t e brake 
gen rat s onsidcr ble hold- ack 
t rque. Thi r ue, which i propor-
tional o v loci y, pro ·a h damping 
nee ary to stabiliz he y em. 

The serv m r i driven by a con
trol cir uit i ti g of a bridge de ec

or (Rl through R ), a differ ntial 
amplifi r ( 1-Q2), n output 

g ( 3- ) ; otal of two ran i tors 
nd two R' form he o 1 active-

compon nt complemen of this instru
men . In spite of th imp ·cit of his 
cir, ujt, there i no de ectable ch n e in 

he performance o the 15 1 even with 

a 5-to-1 change in tran i tor f3 and a 
im 1 aneou 500- o- 1  change in sen
i ivity of the R . fact, the 

circuit will olerate comp n nt varia
tions con id rably in excess of their 

pecifica ions or all omponents but 
he bri ge re i tor nd lamp. 

The relati e immuni y of regulator 
perlorman o compon n ch cter
i ti rive from , h unique ch ' ac er-

f he ou p ignal from a lamp 
Lam bridge h ve, of cour e, 

d in regula r on , rol cir ui s 
here, how e use i made for 
time f he two dition 1 zero 

cros mg 

turn 

corre i 
t mo e 
of abou I 
applied brid 

mam 
and 

phase 
e IS lil 
of the 
60-

proporti nal on r I or ue, · de
p nd n of amplifi r ain a d of charac-

eristics of all omponent e ept the 
lamp and h bridge re i 

Th power- upply vol ge are de
rived fr m full- v ectification of the 
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ac voltage at he output of the au o
transformer, referenc d to its cen er 
tap. The Variac is used "backwards" 
(input line on the bru h, ou put on the 
tap), el'minating the ne d for an add'
tional power transformer for the am
plifier. 

The use of a pul ating, rather han 
a filtered, de supply for the CR s is 
required to achieve maximum torque in 
the mo or at the rat d temperature rise. 
( emember that only he li -fre
quency component in the motor 
pr duces torque; the o her components 
resulting from u ing filt red de would 
be dissipated as heat.) 

y isolating the co t ·ol winding from 
the SCR commutating capaci or by 
mean of rectifier Rl and R2 (see 

igUFe 6), we ensure that there is 
always available aero s ·the capacitor 
enou h volta e (e ntially the p ak 
value of supply voltage) to turn off an 

, independently of the effect , of 
the indu ti e servo otor. This tech
nique allows us to enjoy both the 

:ffi i ncy of u ing pul a ting d for th 
motor and the reliabili y of using 
filtered de for commutation. 

The Lo,mp 

Th lamp u d in ·he 1591 is a GR 
p:ropr»eta y de · gn. t hi its remark
able short- and ong-term stability 

harac eri ti s, brought abou by close 
control of th metallurgica] and truc
tural design of he filament and its 
environment. Its ruggedne s is a tested 

y he af oremen ioned environmental 
tests t at h 1591 has p . The 
lamp has a ypical tempera ure coeffi
cient of 2 ppm/0 • It i designed to 

ave a l'lifetim " of a f w centuri s, 
ba ed on the 10% filam.ent evaporation 
point - a s andard end-of-life rating 

NULL SIG AL 
(NO COR.RECTION) 

a 

BR.IDGE DETECTOR OUTPUT 

b 

DIFFERENTIAi. 

October 1967 

ERROR S I G NAL 
(CORRECT ION) 

0 >-+--�-+--< A MPl.IF IE R 0-----1-�--+-< 0 OUT PVT 

c 

SCR CJ�UIT 
OUTPUT 

0 10 CQl'ITROl. 
WINDING 0 
0 THE 

0 Se:RllO MOTOR 0 

1591-11 

Figure 8. Waveforms p·r sent al the brldlile 
detedor, differential ampliflier, and servo 
motor for no-error and error condit»ons. 
Note that servo' action is. based on posi
tion of xero crossings rather than on 

omplifier g1a·n. 

for incand c nt lamps. To test long

term stability, one of th e lamp was 

u d as the r ference in a de power 

supply whose output wa compared 

a ain t a standard cell. Th.e total drift 

in resistance of the lamp a le than 

400 ppm over a three-year period, or 
an average d ift of ess than Yz ppm 

per day. 

While it is too costly to measure 

and guarant e the long-term stabili y 

of the 1591' output voltage, our 

experience indica e that, after a few 

mon hs of u e, the drift of th typical 

1591 will be unmeasurable with. the 

usual laborat ry ac voltmeter . 

c. CHITOURAS 

1 3  
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the[;] Experimen r 

SPECJFICA 0 s 

Output kVA 
Outpul Current 
Input-Voltage 

Range 
Output-Voltage 

Range (adjustable) 
Correction Range 
Frequency 

115-

100 to 130 '\ 2 0 to 260 

05 to 125 ... 210 to 250 V 
± 15 ± 30 

60Hz ± 10 0 -1 to 63 llz 

Effic;lency: 5 c a full load. 
No-Load Power: Appro. 45 W. 
ENVIRONMENT 

Ambient Temperature (operating): -2 to + 52° , 
r ck m d l; -20 o +·10° , por a 1 m del. 
Vibration: ack mod 1, 30 mil pk-pk at 1 to 

Hz, thr e plane l .5 min ach plan . 
Shock (rack model, op ra ing and nonop rat
ing): F n h-drop t ; 30 g for 11 m . 

Correction T.lme (cycles): G c + . . 'l /\ for 115-\� GENERAL 
m Ls, ; c + 0. 7 c/ r for 23 - r model . 
Output-Voltage Accuracy: ± .2c c fo r anv orn
bin:i ion of lin or fr qu n ·y, iZ, d, or 
p w r fac or. 
Temperature Coefficient: <0.01 'Jc./0 • 
Power Factor: 0 to 1, lea.din or lagging. 

Response: Rni. . 
d d. 

Shipping Weight: P r 
:n lb (14.5 kg). 

17 lb ( kg); rack, 22 lb 

,25lb(ll.5kg);r k, 

Pr-ice Catalog 
Tumber D ·criptiori in A 

1591-9700 
1591-9701 
1591-9712 
1591-9713 

Variac Automatic Voltage Regulator 
1591-A, T 15 V, Port a b le $295.00 

320.00 
325.00 
350.00 

1591-AH, 230 V, Porta ble 
1591-AR, 115 V, Rack 
1591-AHR, 230 V, Rack 

• uant;ity dil!<Count available on r u st. 

\Vi h h 

• . E. Miller. "'A New rir. of Hi11:h-P rfonnan Lin -
Volt.ag Regulators," G CT"al Ro.d.io E:zperirrunler, Janu ry 
l 66. 

canb 

A NEW 

THREE PHASE 

REGULATOR 

in· wy � .. '-''"'""'-'--d lta 

for use in thre 
u h  

n x 

-ph e 
have 
ult . 

In tion , howev r, line 
v lt· e ar uffi iently w 11 

alanced that th u e of hree epara e 
r gul t r i m re a luxury han a 

c ity. In uch e , a single con tr l 
circuit and a single motor could drive 
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9 B 

b 

c c A 

an appropria" num r f au 
forme (The 

buck
handlin 

com n n 
conn ct d 

ys em u 
d la yst 
The Open Delta 

1 

g 
y t m, and v 

indi at th li 

un il 
B. 

2 
INPUT LI 

3 

11 w th 

ES 

; voltages 
re tared, h w ver, 

d v lue 
line-t -n u ral 

2' 

CON•TROL ; OOTP\JT LI ES 
UNIT I' 

.,. 

B 

c 

, 
' ' l' , 

C -"---------
• b' .,..,.., 

voltages of a. 
a ju t d in r 

be egula ed. 

A 

October 1967 

Figure 1. Vector diagrams 
of (left to right) wye, 
closed-delta, and open
delta connections. In the 
open-delta ,conflgurotlon, 
restoring voltages Aa a!'ld 
Bb to AB and BC automatE
cally restores Ab' 10 AC. 

wy ystem must be 

r for a wye system to 

igure lb r pr 
v ltug f a thr 

nt t e line-to-lin 
e-pha I d- lta 

11 thr line-to-line yst m, i h 
rolLa ( 

ly 
late one of 

hat line
d by 

) 
to 

0 
b 

h ses, w open-
1 . If 
e ted 

appar nt 
·and B t 

h pr 

a h of th w 

on n u  
Thu only 

compon ni 
pha f ._ 

syste1n,. 
The 1 583 Regulator 

Th prin ·ipl of ratio f the 

2 

3 three-phase egulator are similar 

<f>2 

JJU-2 
3 

Figure 2. Ele'mentary 
1583, Three-'Phase line
Volilage Regulaf,or. cf> 
and ¢2 voltoges are 
conlrolled dlreclly by 
the two sets of power
han d Ii ng compon ents, 
and <f>3 is a'Utomatically 
cor,rec,ted as a result. 

15 
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6 

the Exp ri enter 

G E N E R AL R A D I O  COM A N Y  
W E S T  CONCORD . M A S S A C H U S E TTS o i 7 B i  

to those of the single-pha e 1 5  1 ,  

except for the two set of power-han
dling omponents · n  the former. igure 
2 is an elementary cliagr m. In it, 
t o phas s (<i> and q,2) are controlled 
directly by the ervo ystem, and ¢3 
is con.troll d indir c ly. deviation in 
the q,1 output voltage activates a 
servo feedback loop, con i ting of a 

control unit, a two-pha e motor, two 
Variac ® autotransf ormers, and t o 
buck-boo t tran former . The deviation 
in the ¢ 1  vol age is thu translated into 
equal corrections applied to ¢2 and q,3. 
F r a detailed description of the control 
u it and the motor and transformer 
circuit 1 he rea r is referred to the 
January 1 966 xperimenter. 

S P E C I FICA T I O  S 
ype 1583 - H S  I 1583-H I 1583- H2 1583 - LJ I 1583-L2 J  

Input 
Out1put 

2 30 V (line-to- line), ·60 Hz 
230 Y a d ju$ta b�.e ± 1 0% 

1 1 5 Y ( line-to- lin e), 400 Hz 
1 1 .5 Y a d j1J1sfo b l e  ± 1 0% 

Correction Range* < %> 
line Current (A) 
load kVA 

9 5  to 1 05 
34. 0  
1 3.7 

90 to 11 1 0 
1 7  .. 0 

6.8 

8 2 to 1 24 
a . . 5 
3.4 

90 to 11 10  
42.5 

8.5 

82 to 1 24 
2 1 .2 

4.2 
Correction Tim e, 

In cydes (c) 
Accuracy < %  of output V) 

rice ( d e p ends on 
mounting) 

2.5c + 3.0c/Y 
0.25 

2.5c + 1 .5c/V 2.5c + 0.7c/Y 1 8 c + 20c/Y 1 8c + 1 0c/Y 
0.25 0.5 
$655 .00 to $690.00 

0.25 0.5 
$62 0 .00 to $655 .00 

• Ranges li ted are for 57- to 63-cycle operation ; for 4 
95 t.o 105%. 91 to 109 % ,  and 84 to l l  %. 
Freq u e n c y :  60-Hz mod ls op ra fr m 57 to 
Hz, and can be modified by a connection 
change for to '  >3 Hz ; 0-Hz models op rate 
from 50 to 450 Hz. 

R espon se : ms . D isto rtion : one dd d. 

Efficrency i > 9 % at full load. 

No-Load Power:  45 W. 
Ambient Temperat u re :  perating - 20°0 to 
+52°C ; storage, - 54° to + 5°C. 

to 6 3-cycl operation, corresponding correction ranges are 

D lmenslo 1n s  ( width X height X d p h ) :  n 
cascd, 1 9  X 7 X 1 % iin. (4 5 X 1 · X 375 
m1 ) · bench, ] 91  X 7% X 1 6  in. (4 5 X 1 90 
X 4 1 0 mm ) ;  ra k, l X 7 X 1 5  in. (4  r.: X 1 0 
X 385 m m ) ;  aU , 1 9 }.1  X 8 Ys  X 1 6  in .  ( 95 
X 2 1 0  X 4 1 0  mrn ). 
Weight : Uncas , net 54 lb (24.5 kg), shipping 
1 04 lb (47.5  kg) ; bench, et 64 lb (29 kg), 
shipping 1 14 lb (52 kg) · rack, net 64 b (29 kg), 
hipping 114 lb (52 kg); wall, net 7 lb (32 

kg), shipping 1 20 lb (54 .5 kg). 

G E  E R A L  A D I O  C O M  P A  v 
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