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A NEW SERIES OF HIGH-PERFORMANCE 

LINE-VOLTAGE REGULATORS 

GR's Type 1570 series of aulo­
matic: line-voltage regulators has 
won wide acceptance since its in tro­
duction 11 years ogo. Now a new 
se ries, including 26 d ifferen t models, 
makes its debut. Mojo r improve­
me nh in the new regulators: 011-
solid -stole design. fo ster response, 
wide r line-voltage ranges, increased 
power-handl ing co pacity, and a vail­
abil ity of all mode ls in 400-cyde 
versions. 

Regulated voltage is a Ile<!cssity wher­
ever voltagc-scll1lit ivc clements are preil­
ent for instll ll(,(', in many iaborator.y 
calibrat ions !Iud Illcnsurcmcnis, indus­
trial procCSS('s, a nd lest progra ms. For 
such applications, a:; well as fo r more 
routine work in places where lille-volt­
age regulation is poor, the auto matic 
lim'-voltnge regulator is indispcnlll:lble. 
By regulat ion of the BC line, a nu mber of 
critical 1000 d voltrtges at' or de ca n 
be controlled with :l si ngle instrument. 

CON SIDERATIONS IN VOlTAGE 

REG ULATION 

T hree fU lldumentn l cliuracteristics of 
at' linc voltage lire its freque!wy, magni­
tude, !l lld waw'form. -' lost commercial 
power sysi.emfl hold line freq uenc), 
within VN y cloSt' tolera ll{,c, lind fr£'­
queney instabili ty is seldom a serious 
probleill . j\ lagnitude is the most erilicnl 
para meter of li llt' voltage, th(' olle most 
gencra lly subject to deviation, and til(' 
rnisoll d'cirr for the line-vollage regula-

tor. Although the primary fu nction of 
the regulator is to stabilize the mugni­
tude of the voltage, it is desirable t hat 
it do this without distorting the wnve­
form. 

An obvious measure of the perform­
:lIlce of a line-voltugc regulator is the 
accurliCy with which it holds the mllgni­
tude of the output \'oltage to the nom­
inal value. Accuracy clln be specified 
as a long-term figure, if we disregard 
brief \'oltuge fluctuat ions that exceed 
the regulator's response capabil ity a nd 
thus paAA from input to ou tput undim in­
ished. T he abi lity of a regulntor to react 
to very brief fluctuations is related to 
its respollS<' sprcd, another imporltint 
measure of a regu lator 's performance. 

\Iagni tude of an lU' voltage requires 
further defi nilion as peak, average, or 
rool-m('an-sfluare, and t he li ne-volt..'1gc 
regulator must chooS(' one 'Of these val· 
IIC!; to hold consta nt. ~ I ost reguln.tors 
stabilize the rms or avcrage magnitude, 
bcellusc thesc are the vai lles most loads 
respond to. 

Whllt the regula tor docs to the wnve­
form of tht' voltage it regu lates is sig­
nifit'ant wherever t ht' regu la tor lind the 
load rf't'lpond to difTt'rent valucs of volt­
figt' rnngnitudc (as, for instlln ('t', wlH'rf' 
an rm" regulator is regulatin g voltuge 
into 11 pt'ak-rt"'sponding tll'vice). 

Anothf'r possible source of t rouble is 
the power factor of the lond . Specifica­
t ions for mlln.v rcgu lato~ HSSli rn t' a r('o­
si!;tiv(' IOlld (powc r factor = 1.0), and 
dcpa rtu r('s fro m th is condition ca n ('HUS(' 
these regulators to shift output voltage 
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by an amount \Veil ill excess of the 
l:Itnted !lrcurncy. 

Accuracy. response specd. introd uced 
d illtortiult, vulnerabili ty to load POWN ­
foctor these. plu,;j t he p ract ical fllL'­
tors (If cost, relinbility, and size. nre the 
('hiel facto,.,. ill tht! s,pl(!(·t ion of fl regu­
lator . 

TYPES OF LINE-VOLTA GE REGULATORS 

Tbere [II"(' three pri ncipal t.ypes of 
lim'-voltAgo regulators· electronic, mag­
neue. Ilnd electromechanical (servo). 
All operate by sensing tile output \·olt.­
ngt-' aud addi ng voltllge ~o, or subtrnrt­
ing it from, t he in puL to rest.ore t he Oll t­

put to its nominal value. 

The Electronic Regulator 

Tbe dcetronir (umplifier-Lype l rcgu­
Intor npp ronciles thr ultimate in "('­
voltage-regulation de,·ices. T hp regu­
lntml Ollt.put \'olt~\g(! is con t in uolLsly 
compnr<.-d wilh a pu re-si ne-wuv(, f'f'f!'r­
Cllce. a lld nny errors nrc electronicall.v 
removpd. Su('h a rI'gulator call actually 
remove distortion all thr incoming line 
and call redul'"e, if not ('Ompletely e limi­
natc, transients on the regulated output 
voltage. Dis..'\tivautaA"es a r£' a sensitivit.y 
l(, lint> frrqu(>nf'Y a nd load power fad.or. 
modest power-ha ndl ing cupacitj('.$, !"Iml 
high CO!'lt I)('r k\fA. 

The Mognetic Re gutgtor 

'1' 111' several typNJ of magnetic regu­
lators are chllr!l.cteri7,cd by Illod(>rate 
correction s(>('e<l. good to exepl\c llf re­
liabiHty. a tendency to introduce dis­
tortioo in the voltage wllvrform , :md 
S('n~ith'ity to 1090£1 f' Hrren t. power f:lctor, 
a nd line freq ueucy .. \l lIgnctic regu la tors 
a lso nrc lIsua ll .v q uit.(' helt"Y. 

Olle t.ype of magnctie regu lator -

the ferroresonllnt - is comple tely pas-
sive u.nd boasts t he highest. reliability .... 
a nd t he lowest cost. It is illhcren t.ly 
short-circ lli t~proof, which adds to its 
reliabili ty bu t which a lso severely Ii m-
it.<; its ability to ha ndle large starting 
l:lIrrents. 11.8 OLi tpu t voltage level is 
facto ry set Ilnd caunot be cha nged. 

Another ty pe, t he saturable-reactor 
regula tor, U$('S an electronic feedback 
loop to n.c llicvc higher I>c-rforman ce 
tha n t be fcrroresonan t type. Harmonic 
fi lters a l"{' often in cluded to reduc(' the 
considera ble distort ion introduced by 
the regula to r . 

A third type of magnetic regula tor 
us('$ silicOIl -!'ontrolled rectifie rs in nil 
electronic switching scheme. Unlike 
oth('r mngnN ic types, t he flf" n regu la­
tor operates satis factori ly with load 
powpr factors from 1.0 to 0 lagging. al­
t hough its perfo rma nce is not specificd 
fo r lead ing power factors. Th e dis tor- '" 
lion in t roduced h.y this type of regulH--
t.or cha ractcrisLicllllr exhibi ts itself as 
a large cha ngr in t.he peak value of t he 
output voltugc, which may persist in­
dependently of t he regulator 's normal 
rlUS- or nverage-correcting action . 

Electromechonicol Regutg lors 

T he e lc(·trom('('bllnical linc-voltag<' 
regulator combines l he power-hand lin g 
capabilities of a motor-d ri ven varia ble 
autotransformer with t he fast response 
and nccuracy of an el('etronic ft.'Cd bnek 
loop. Th is type of regulator in t rodu ('('s 
no distortion . is tota lly lInatTcck'CI by 
dJa ng<ls ill lo:ul power factor from 0 
I('ad ing to 0 lugging, ~lJld is insensitive 
to load current. With proper design . it 
ca n hold ()utpu t voltuge L"Qns ta nt in the 
fare of wide swillg$ of line frequency, B 
faeto r importllHt in the regulation of 

~ volt.-'l.ge from unstable sources. sllch as 
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emergency gcnerators. On 1\ kV.\-pc.r-
_ pound Im"i!:!, it i5 the lightest of Itll 

:lutomu.tic \"o1t~ge regulators. It is w('11 
suited for llppl ications involving heuvy 
stnrting currents timj ca ll safely with-

THE NEW 

JANUARY 1966 

stand l rnnsicnt overloads of up to iO 
ti mes thc rnted output current. Electro­
mechanical regulators arc practical over 
a wide rtl,nbl"{' of power mtings, from one 
to hundreds of kVA. 

VARIAC "" AUTOMATIC VOLTAGE REGULATORS 

General Rad io has devclop!!d an ('n­
Orf'ly lIew line of cll'ctromechaniClI1 
regulators, consisting of 2H elcctri('ully 
different m04"lcls. with militarized ver­
sions and $('vcrai mounting options 
running th!' total to 114 . Of the 26 
electrically different models, 1 ~ a rc for 
!lO-eyC"le operation and the other 1:3 tIr(! 
dC1<igncd to M"gulate IOO-eycie voltagt' 
(with no GO-eycle pow('r required). Each 
group of 13 regulators includes four 11 5-
volt unit.!!. six 230-volt uni ts, and thret' 

_ If,()-volt un its. covering an ovcr-nll 
range of l>ower-hlHldli ng capacity from 
2 to 20 kVA. 

• 

These regu lators eun al.'iO be used in 
combination on thrce-pl uu!c syste ms. 

Priociple5 of Operotion 

The d iagrnm of Figure 2 r;: hows how 
these line-vollage regulators work. A 

.'m , 

,-----
~ 

, 
'"" Y 2-;;;.U \J? ~,~ 

AIJTOTRA,.srORMER 

volwge dc>vi!lt ion ut the outp ut acti­
vates 11 ~ervo feedback loop, consisting 
of 11 control uu it, !l two-phase molor, tl 

VAR I:\C'II uutoLrnllsformcr. and a stcp­
down buck-boost tra nsformer. The 
deviation is thus trll llslnted into a 
correction voltnge rhnl ii; tHlded to or 
r;:ubtra.ded from the input to restore the 
regula ted voltage to its correct va. luc. 

Control Unil 

The. solid -state control unit converts 
any sma ll deviatiou in output voltage 
into a proportional elc('trical signll.1 to 
drive the motor. The deviatioll is first 
5Cllseci by nn rms detector, whose d e 
output, after filtering, is compared wit.h 
a constant 9-volt reference derived 
from a Zener diode. The resultant dif­
ference volt.uge is chopped into an 8C 

crror sigmll whose magnitude is propor-

~(GUI...T( 
OUTPUT 

-------- -~--1 r O£T£l:TOI'I I 
I I I 

I 
AMpur"" r'LTER I I 

I FI£F~I 
I 

~, I I L _ _ __________ J 
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tional to the output voltage deviation 
and whose phase is determiJJed by the 
direction of this deviation. A solid~ 

state amplifier converts the smnll ac 
error signa l into the large ac voltage 
required by the motor. 

An important feature of the Gencra l 
Radio regulator - li nd ODe that dis­
tingu ishes it from most other electro­
mechanical units is the completely 
proportional control system. That is, 
the cont rol ullit conti nuously feeds a 
proportional correcting voltngc to the 
motor. This tech nique helps givc these 
regu lators greater accuracy and higher 
response !lpecd than are possible \\;th 
a simple on~fT motor control. 

Molor and Transformer Circuits 

The ae error signal from the control 
unit d rives a tw~phase servo motor, 
with the phase und magn itude detcr~ 
mining the direction of rotation and the 
speed of the motor, respectively. The 
motor used in 311 models is built to the 
rigid Ilpecifications demn ndt'<i for the 
militarizcd units (for instance. the 
stator is c)X»)(y encapsulatcd ). The low~ 
inertia rotor contributes importantly to 
the excellent response and accuracy of 
the regulator. 

The motor drivf's a VARIAC'll auto­
transformer through a hC3vy-<iuty. 
instrument-type geM train. The auto~ 

f l," t. 3. R.o . ... I.w o f .. 
,.,"1 .. 10. wllh d ll i l ~ o ...... 
•• mo .... d .. " d Il~ h.d boa.d 
I W..... . 0 ... 1 fo r 'occ... 10 
comp.n , .. " .... d w l.I .... 

transformer is positioned either side of 
11 center tap (depending on the sense of 
the correction) by an amount propor~ 
tional to the output-voltage deviation . 
All autotrandormers nrc ba ll~benring 

models with take-ofT brushes that are 
designed for the unusual demands im­
posed by regulator service. 

The nutotransformcr output volt...'\ge 
is stepped down by Il buck-boost trans­
former. Thus the fu ll adjustment range 
of the autotntnsformer can be used to 
produce the relatively na rrow range of 
correction voltage, and the current 
rating of the autotransformer is efTec~ 

tively multiplied . The phase of the 
voltage applied to the buek~boost tmns­
former depends Oil the position of the 
IHitotrans(ormer brush with respect to 
the cent.cr tap and determines whether 
thi" correcting voltage is added to or 
subtracted from the line voltage. 

Remote Operation 

All regulators can be easily con~ 

fi('cted for remote sensing, detectioll , or 
I)rogramming. Remote scnsing at the 
lo.'\d correc~ for the volt...'\gc drop on 
the line between the regulator and the 
load. R.emote detection permits use of 
an c)(t.crnai detector to regulate dc 
voltage or a characteristic of ac voltage 
other than rms. For remote progrnm~ """'" 
ming, the regu lated output voltage "::-

= 
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level enn l>e adj usted by an external 
variablp resistance. 

Physical Characteristics 

All regulators arc mngle, self-con­
tained units seven inches high and 19 
inches wide. TIl(' commercial mod<>ls 
nre available for bench, ra.ck, or wall 
mounting. (A fourth option allows the 
customer to buy a rack model without 
rabinet, at a saving in cost.) 

:\[ilit.arizOO models are designed to 
meet or exceed the general require­
ments of specifications ;\1IL-E-4I58B 
and ~HL-E-I6400C, They are con­
structed on seven-inch U...,..haped ex­
truded aluminum chan nel to meet 
military shock "nd vibration require­
ments and are supplied for rclay-rock 
installation. 

The mechanical design, based on a 
modlll"r approach, provides easy access 
to all components. R.emoval of six 
screws permits the dust cover to he 
removed and the etched board to be 
swung out (see Figure 3), exposing 
ewry wiring connection and component. 

The two screwdrivcr adjustments 
(gain tlnd output voltage), the manual­
automatic control switch, and the con­
trol-unit fuses are all accl.'ss.iblc at the 
frollt rmnel. Also on the front panel is a 
dial that indicates the percent differ­
ence between input and output volt­
agc.8. This dial also permits manual 
voltage adjustment when the front-

C. E. Millc.r received 
his B:t.chclorof En~nccr­
illg degree from 'alc in 
1000. He t.hclJ joined the 
Ccllcrailladio Engineer­
ing Staff ft8 a Develop­
ment F.ngin~r io the 
lndustrial Group, where 
he hu bet-n COll(leflled 
with the dC!!ign of auto­
matic volt.llge regulalon 
and 8lrobosoopic equip­
IUcnt. 
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panel switch is thrown to ""''VAL. 

There are no internal operating controls 
or adjustments. 

Performance 

The introduction of General Badio's 
new automatic line-voltage regulators 
establishes the electromechanical regu­
lator s.s comparable in performance to 
magnetic types, hut lower in cost. 

Accuracy and response speed are the 
best available' in electromechanica l 
regulators. Accuracy is 0.25 or 0.5 per­
cent, depending Oil model, and is inde­
pendent of load current, power factor, 
and frequency lind voltage changes in 
the line. Response speed is 20 to J 60 
volts per second, depending on model, 
und is comparable to the speed of mag­
netic regulators of cqujvalent ratings. 
Figure 4 showe the actullI performance 
of regulators responding to step changes 
in line voltage. 

No waveform distortion is introduced 
by these regulators, and transient over-

FIIU,O 4 . O.clllol ... ml Ihowlnl ' O'ponIO 01 'wo of Iho nOW .0",,10'0 .. to 0 2% ""p ~hon". In Ifn' 
110"0",. hfl, 'h ' unre"ulalod Inpul/ cul.r, th • • u pon, . of a 6_.VA mod,l; 'iv ~I, Ih, ' .'pon " 01 a 

10_.VA ",ado', 
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loads up to 10 times the nomina l rntings 
can be hand led safely. 

The 114 va riations of O R.'s llew fam­
ily of regulators span wide ranges of 
voltage, correction range, frequency, 
and power rating, with S<'veral mount.­
ing options. The use of modular COll­
struction and interchangeable part.", 
moreover, suggests n further prolifera­
tion to m~t special customer require­
ments. 

- C. F.. ;\III.U:R 
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---
COMMERCIAL MO DELS 

Relll/loto .. ore availoble In 1tI, lollow,ntl 'a"II" 
for eilller "OO·cyde Or 60-cyd, "",lte, By mean. 01 
o dlonlle in connedio'", 60-cyde model. can cover III, 
ronll' 01 50 to 60 c/., with only a oI' lIh l reduction in 

correcf;on rontle, B.oth Type 1581 -. and Type 1582 •• 
con be wpplied for b",dI, wall, or rock ....... nlinll,. or 
wilhovlCablnel. 

TTPI15"_A 

Ou).ku/ Correct ion 
l' U ' &n.ge% >VA 

'" 90 to 110 '.8 

'" 82 to 124 2.9 
230 95 10105 9.2 
230 9010110 '.6 
230 821012" 2.J 

• Adjuat&ble, .. 10%, 

PRICES : from $"95 to $575. 

Accuracy (% of 
ou/put looilagt) 

0.25 
0.' 
0.25 
0.25 
0.' 

TYPl 15'2.A i. ovailoble In th, some ronll" of 
opero lion but ha. approximately twice the kVA rOlinll. 
Addit;onol model" connected for "60-volt .. ",ice, have 
kV. ro lintl. opproximotely ~ tho .. for 230_voll 
.. ",1 ... 

PR ICES : from $555 10 $635. 

MI LI TARIZ ED MODElS 

TVPI 1571 •• i, a militarized ¥en;on of the Type 
1581-A. II i. deoig"ed 10 meet ltIe requiremenh of 
Mll·E-" 1588 ond MJl -E_16"OOC. 

PRrcES : $650 for 6O-cyde "",ite 
$695 for .OO-cyde .. ",1 .. 

For Complete ljstings with Specifications, Consult General Rodio Catalog S, 
pages 223 10 226, or Ca ll or Write Your Nearest GR Soles Office. 
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