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MILITARIZED LINE VOLTAGE REGULATOR 

,rltao. I N T H I S I S S U E 
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ARL\C ® R.\TI NO� vs. D '.rY CYCLE. 6 

XBw NALi;; E:-.:<aN88R . . . . . . . . . . . 7 
NEW y HK 01•'FICE 

.:\Io EST HIOCEFllilLD .. 

\Vhcrc ·ir ·uit r lia bi lit�v i of p rime 

importance the n d for adequate li ne

voltagc regulation has long been recoo-
ni zcd . X ot only can vacuum-tube life b 
extend <l by operation of the heatc'r, at 

a lightly reduced bu con stant volt
ag ,1 hut al.·o p rforrn ancc can be lffl

pro vcd by eliminating large p lat -
upply variation . In ma1i:v· applicL -

t ion · p rope r pow r- upply de io·n and 

th u ·e of a lin -voltage r egulator can 
eli minat he need for i nefficien t  and 

oft n le ·s-rcliahlc, erieR-t.ube l l at -

1 \V. S. Bowie, " The EfTccts of Heater Cycling and TI ater 
Voltage>," 1.9i56 I. R. E. Co111·c11lion Record. Part {i. 
2 ?\[. C'. IIoltje, "An Acr11rate, Hiirh- '1 d. Automatic 
Line-Voltage Regulator," General Radio E:rpe1·imenter, 
Vol. 29, l o. 2, .July, 19.)4. 

Figure 1. View of the militarized voltage regulator. 
Regulator unit is in the foreground, control unit 

al the rear. 

supply regulat ors . For ·ueh appli

ca ti ons , the ervo-con tr lled 'l'YPE 
1570-A Lin Volt age H. gula. tor 2 \Yith 

it advantages of high ac cura cy no di -
tortion , large pow r ra ti ng, high effi

ciency and excellen tran ient re

spo11 · , ha h ome \V ll · ·a bli. ·Ii cl. 

The importance of longer tnlw life 

and in rea cd ·irc u it rcliahilit.,v ha 

creat d a demand for such a reg;nlator 
built to military . pef'ifica ion" In the 

pa t few y ars , th ;en ral Haclio 
ompany ha s de io-necl and bu ilt a 

nmnh r of pecializcd regulat ors for a 

vari ty of rn.ilitary end-use a ppli ca 

tion . A new r gulator ( 'igur 1), the 

...-rYPE 1570-AL. 1.� ts now off r d, 

which incorporates th best of t he de-

... 
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G ENER AL RADIO EXPERIMEN TER 2 

sign and perfonnan e features of these 

special units. In addition to the ob

vious inilitary cnvironn: ental require

ment of shock, vibration te1nperature, 

humidit , etc. the unit is designed 

with particular em.phasis on fl xibility , 
ea e of maintenance, re liability , and 

] ng life. 

Basi ·ally, the regula or (Fig ire 2) 
consist of a aria•® autotransformer 

that adjust the output oltao-e a 

"buck-or-boost" s tep -do ,vn t rans

form r that effec iv ly m.ultiplics th 
power rating of h Variac and a ervo-

1necha11isrn. that positions the Variac. 

The "buck-or-boost" cir uit, which i 

often u d for inanual line-voltage cor

rection i hown at the l ft of Figure 2. 
For flexibility and as of main e

nance thi 6-kva regula or ha b en 
built in two unit (Figure 1). rI h 
larger unit contains a special motor

dri en Variac and a herme i ally s aled 

''buck-or-b oost'' transform.er. The 

sn1aller unit contain the elc tronic cir

cuitry for ampling the output voltage 

and controlling the t"·o-pha e rvo 

motor on th Variac to m.aintain he 

output 'oltage constant '' ell ' i hin 

0.25 0. Thu , wi h differ "nt on1bina

tion of \ ariac and "buck-or-boost" 

transformer , regulator of differ nt 
ratings can be a ernbled u ·ing the 

san1.e ele ·tr ni control cir uit. Thi not 

only provide de ·ign flexibili y but al o 

sim.plifies sen-ice problen1s, ir only 

one typ of ontrol ircuit inter hange

able for all r gulator , i required. 
Furthern1ore, v;'h n rvic of the ele -

tronic ir uitry i required only the 

n1.all control unit need be rem.oved. 
The Iara-er unit \Vith all it po\ r wiring 

can stay in en i e upplyin unint r

rupted (but unr gulated) power, while 

the control unit i � b ing repla ed or re

p ir d. Manual on rol of output volt

age is po ibl during the e interval by 

mean · of the Yariac dial on the front 

panel. 

Ease of 111.ain enance was a prim�e 

con ·ideration in h original de ign of 

thi regulator. Tube an be replaced 

without th ren1.oval of any overs 

oth r than tu be hield . Removal of a 
inglc du ov r (Figure 3) expo all 

other components. Con1.ponent 1viring 

is a mplished ' ith an etched circuit 

to provid a high l gree of uniforn1.ity 

b tween unit . a h con'lpon nt is 

1narked with its 111.agnitude and ra ing 

and is id ntified by a cC>mpon ent num

ber pennanentl etch don the inount

ing board. The r n1.oval of th botto1n 

cover plat ( igur 4) expose all etched 

wiring. The on.1.plete circuit diagrarn is 

ilks reened on the inside of thi plate . 

Figure 2. Functional diagram of the regulator, showing the buck-or-boost circuit. 

STEP-DOWN 
TRANSFORMER 

TWO-PHASE 
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For protection against the effects of 

n�oi ture and fungus gro,vths the 

e ched board is seale l with a funo-u -
re i ant varni h. 

eliability and 1 ng life have b n 

a ur d by cot1 ervati ve rating '  and th 
u of the best m.aterial and 0111-
pon n s in ·irnpl circuit' h t have 
proved r llah l  in lou g  fi lc.l xp ricn(' . 

Figur - i an eleincn ary circuit dia

gra1n f th · ontrol unit. A d-c voltage 

proportional to th a\?erage am. litud 

of th a-c outpu v ltag is produ d by 

a full-wave ili on r ctifier with a re i -

tive load. Th m.agnitude of th l ad 

resis an ·e i ho n to 1ninimiz the ef

fe ·t of temperature , and the ·hange in 

th a\rerage alue of the rectifi r output 

i J than 0.1 0 for temp ratur ,' up o 

35°F (75° ) . ripple filt r i in

luded which provide infinit r j ·tion 

t he 120-cy l ripple frequcn y and 

has neo· Ligible pha hift below 5 

cycl per ond. 
The filt red voltage which i propor

tional to the a-c output voltage, i com

par d ,,·ith a tandard voltage from a 

5651 \V voltage ref rence tube to ob

tain a diffcren e or error, voltag . For 

maxunum ability , a 0 2W. r gula

tor tub i u ed to provide constant 
curr nt t the r fer nc tube. The e 

ube \\" r d vcl ped for mi litary u e 

wh r a voltage ref crcn frc from the 
usual voltage jump wa · required. 

Figure 3. View of the 
top of the control 
unit with dust cover 
removed, showing 
component identifi
cation. Tubes are re
placeable w ithout re
moval of dust cover. 

NOVEMBER, 1956 

The error voltag is amplified by a 
diff rential an�plifl r (Fig ir 5) \\·hi h 

u es 5751 tube op rating Y ry o 1-

ervatively at 'Oil.· aut heater voltag 

(th u1 it perate8 on i O\vn rcgula d 

ut), to give th Long . po ibl 

ppropriat 1 ad and lag nc "·ork 

are used f r p imum. regul t r p r

f rman e. rl hi· · mplifi d error oltage 

i ·· applied in pu.-h pull to a thyratron 
(2D21 W ) n1otor- 'On r 1 i rcuit .  Th 

thyratron ar provid d with a 60- ·ycl 
bia voltage at a 90° pha e ano-l "·ith 

r pe ·t to the a-c pl te vol a · . The 

a1nplified d-c rror vol age ·up nm.

po ed on thi a-c bia vol ag n1oothly 

changes the thyratron firing angle from. 

near 0° to 1 0°. 
A two-phase motor i upplied with 

60- ycle pow r from. the po\ver line 

through the thyratron ontrol ircuit. 

'I'hrough change in their firing angles, 
the thyratron ontrol the relative 

phase angl between he motor-winding 

voltages .  T'heir distorted output volt

age are filtered "ith resonant ircui 
and appli d to the n1otor winding . As 

the thyratron firing ano-le chan e fron'l 

0° to 180°, the angle between the 

motor oltag changes on tinuously 

from approxin�ately +90° to -90°. At 

balance full voltage i applied to both 

motor winding at a z ro-degree phase 
angl . 'l'he re ul ant dynamic braking 

Hnpro the tran. i n response. 
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For maxirr u1n ver atil i ty a witch is 

pro id d in 'id h ·on rol uni f r 50-

cy ·le ope ration of th r gulator. In he 

50-f'ycle switch po ition, the rang of 

op ration i. · 45 to 55 c; in th 60-cy ·l 

po ·iti01 , i i. 55 o 6.- c. Space is al o 

provided f r h i.n ·tc llati n of a sepa

rate output-voltao- - am.piing t rans

form.er to p rm.it contr l f 400- y Le 

p w r, although 50- or 60-cy 1 p \Ver 

inu t b availabl to operate th contr 1 

unit. 

'1 he rn.otor-dri v n \ ari a i a special 

ball-bearing model ·im.ilar in d ign to 

the new n1otor-dri v n " " typ r -

centl announced.3 A front-pan 1 dial n 

a" Iotor Drive for W- erie Variac ">."General Radio 
Experimenter, Yol. 31, o. 2, August, 1H36. 

Figure 4. View of the 
bottom of the contro l 
unit with dust cover 
removed, showing 
the etched circuit 
and circuit diagram. 

the ana haft in.di a th input line 

voltao-e. nhi dial al o indi at the re

serve working rang of th r gulator 

and permit· m.anual adj us ·rnent in a e 

f a ontrol-unit failur . An additional 

carbon bru h o n1ake on a t wi h the 

radiator in pla of th u ual metal 

take-off ring m1n1n1izes fri 10n and 

give long life in a service d rn.anding 

on i1 ial m.o ion of ·be Variac brush. 

Th \ aria rn tor i a t\vo-phase in

ducti n in or. ong troubl -fr e life 

ha b en a · ·ur d by th i of a thyra

tron rn.otor control cir ui rath r than 

r lay \Yith their contact maintenance 

pr blcrn . r[ hi C'lT ii al ·o r sult . in a 

up n r pr p rti nal- y p  on rol 

rath r than th u ial on- ff n rol. 

Figure 5. Elementary circuit diagram of the control unit. To preserve simplicity, the leClld and lag net
w o rks and the thyratron bias circuits are not shown. 

"ROM REGULA:C]OR 
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RECTIFIER 
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I'he motor winding are n-1plet ly en

cap ·ulated to prevent cl t -ri ra i n 

fron: moi ·tur or fungu gro\\·th and 
the output ·haft is s ainle t el t 
re ·i t orro ion. 

the bru h m.ov aero . th \ aria 
winding i i � i n OI ct "·ith n1 re than 

one turn at a tin1.e thus I r ,.-icling a 

comn1.utating a ·ti n nd therefore, a 

mooth chano·e in output ,-oltag . \ hil 

thi c mn1.utating action i nece · ·ary 
for th normal opera ion of h ria 

the horting action of the bru h cau e 
urr nt ·urg which can be d te tcd a 
mall radio-fre quen y noi · on th 

power lin . _ .. \J houO'h , in m.o appli a

tion thi n is i compl t ly in io·

nifi ant , a noi · -reducing filter i pro-

ided and i m unt d on th \ ariac 
t rrn.inal board. Fur her noi reduction 

i provided by fiv thr ugh-pa s a
pa itor located on h m.ain terminal 

board a th rear of the r gulator, which 
by-pa h Yariac connecti n at th 

"buc]·-or-boo t ran forrn. r and h 

input and ou pu onn ction to the 

r gulator . Thi fiJt ri ng i ad -quate o 

m et ·ri i al inilitary in rf erence · pe i

:fi ation . 

'I'o proYid adequate str nO'th f r 
n1.ilitar hock and vibrat i n r quire

ments h regulator uni i 1 uilt n a 
seven-inch, r- hap l, xtru 1 d- lumi

num. chann 1. 'I'h m.aller control uni 

n1.oun on · 3 ''' alum.inu1n panel. oth 

units will \Yith t nd th tanclard 1200-

f t-lb shock te t an l h - r h \\' no 

significant n1e hani ·al r onance up to 

. .  5 cy les p r second. 
'I h regulator is designed to m t or 

to exeeed he general requi r ment of 

1IL-E-4 i.- _ . It will op rate at full 
load over th ambien t mp rat ure 

range fr 111 - 29° to + 52° ( - 20° to 

N O VE M B ER, 195 6 

Figure 6. View of a three-phase, 18 KVA assembly 
of General Radio militarized regulators as used 
by· Raytheon Manufacturing Company to provide 

constant line voltage for radar stations. 

+ 125° ) and for non-operating tor
age from -5 ° to +54° (-65° to 
+ 130°F). \1 ith pecial m. tor lubri
cant opera ion i po ibl at far lower 

emperatur . Hio·her-tem.p ra ur op
eration i s  po iblc a lo\Y r power ra ing 

or ' ith re tri ed dut l . Op ra
tion is po ible with relative humidity 
up t 100 p rcent, includinO' · nden a
tion cau ed by t mp ratur cbanO'e . 

\Vhil th e mili ar pe .ification 
ar O' nerally m r ' er than tho e 
enc unt r d in mo t indu trial app lica

tion·, he in r a ed reliability and a 
of maintenance may ft n ju tify th 

u e of the Jnilitariz d r o·ula or in 
criti ·al indu rial applicati n . 'I'hi is 

part i ularly tru for appli ation at 

high ambi nt t mperature or f r port

able in tall a ti n wh r rn. chan ical 
shock or vibration i encounter 1. 

- lVL . HOLTJE 
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GENER A L  R A D I O EXPERIMEN T ER 6 

SPE CIFICATI O N S 

Input Voltage Range: The d ir <l utput voltage 
will be main ain d if th 1 nput voltage does not 
vary b mor than :±:LO 0 from thi va l ue of 
output voltage. :±: 20 0 range connection i 
also available. 

Output Voltage: Adjustable over a range of 
=*= 10 from a bas val ue f 115 volts hv mean 
of a scre\Y-<lriver adj ustrnf'nt on panel.

· 

Output l 'oltage 

Input voltage a 
a percC'n t age of 
output voltage* 
Output <'Lil"!' nt 
amp res 

KVA 
Accuraev in 
of outp1;t. voltage 

peed of Rc-sponse 
volts p 'I' er· nd·j 

l ! 5 Nominal 
ilrlj1rniable 

±10 7£ 
90 /( 

to 
1101o 

50 

6 

0.25% 

10 

----
0 10 
to 

120 10 -- --

25 --- ---
3 

0.5 0 

20 

*In tr111u nt are sliipp d conneet ti for ±10% range 
unless 20% rnnl': is spe ifiecl in order. 
t liglitly kss for very mull voltnge corrections. 

Tube Complement: 2-5751 1-565 l ,YA, l-OA2\VA, 
2-2D2lvVA 

Waveform Distortion: X ne. 

Type 

Accessories Supplied: Spare fu 

Waveform Error: Th av rage value of th output 
voltag i. held constant, and a <l-c power suppl_ 
with r- i ive loa,d op rated from the output 
of the r gulator will giv on tant outpu v lt
ager rardless of the harmon i di tortion pr - n t 
in the power line. '1 he rms output voltage will 
also r main co11 tant. regard) of th har
monic die tortion pre�ent, as long a the phase 
and mnplitude of the, e harmonics ar con t· nt. 
If th harm ni cont nt chang the rmR value 
will chang b-'' an am unt l than !::l.R/n, whE•re 
J.R i the change in the hai·m nic am plitud 
and n i the harmonic number. 

Ambient T emperature: Full rat i ng L pply up to 
55°C. 

Frequency: From .55 to 65 cyc·l s or fr m 45 to 
55 c·yC'lc , a 01 c-1 cl I ya switch. 

Power Consumption: ::\fo Load ;�5 wa ts 
Full Loa.cl 100 wat ·s 

Mountings: Relay Rack. 

Dimensions: 

Height ............ . 
Width ............ . 
TVeight . . . . . . . . . . . .  _ 

R gnlator 
Unit 

7 in. 
l 9 in. 
50 lb. 

Code lVord 

Control 
nit 

331i in. 
rn in. 
13� lb. 

Price 

1570- ALSl 5 Automatic Voltage Regulator . . . . .. ... - I CLOTH $ 625.00 

QHantily price.c; on reque. t. 

VARIAC® RATINGS VS. D UTY CYCLE 

One of the in1portant advantage of 

Variac® autotran formers wi h Dura

trak contact surfac i heir ability to 

operate under hort-period ov rloads 

without da1nage. For short-time op ra

tion, rated curr nt an be multiplied by 

a factor that varies b twe n 1 and 10 

depending upon th tim tha he load 

'OVERLOAD LIMIT I \ 
\ I 

I I I 
I \ I I ' I I\ 

� 
11/4 HOUR· 15C 'r. 

� I 112 HOUR-133 .._ 
I I � ._ 1 1/"\11�-1">1'• 

I'-.. t-...... 24 HOURS-IOO"!r. 
--...!-- I J 

i applied a hown in � igur 1.  Th 

same properti s ha prev n d rior -

tion under the e hio-h overload al o 
permit ub antial increa in rating 

for intermittent opera ion wi ·h th 
magnitude of the in rea e d pending 

upon the du y-cy le ratio. If th to al 

number of duty cy le omprise onl a 

relativ ly short op ra ing period, the 

urr n can b fur her increased to that 

d termined by the short-time rating 

fa or hown in Figure 1. 
If duty-cycle ratio i defined a he 

ratio of off-plu -on tim.e to on time, h 

\ ariac rated current may be mul iplied 

Figure 1. For short-time overloads, the normal 
Variac current may be exceeded as shown in this 

curve. 
0 
.OJ 0.1 1 2 ll 10 100 

I I 
t,000 

TIME IN MINUTES 
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by the square root of this r atio. The 
following exan1ple will i J lu tra e the 

cal ulation of p rmi ibl ov rload for 

the 'I YPJC W5 Varia , who rat d ur-

rent is 6 an1peres. 

Example 1 
Duty ycle: 15 e ond on, 

every 4 minute (240 ·e ·ond ) . 

240 

out of 

4 V duty cycle ratio = 

15 

Up-rated current = 6 x 4 = 24 

amp r s. 
15- 'e ond short-time o\·erloacl 

(Fip;urc 1 = 500 1£ = :30 amperes . •  'in ·e 

hi.· i ·gr ater th an that C'akulated from 
th clnty-cycle ratio th la tcr eon

trols, and he perrnissi blc 'lUTcnt is 24 

amper ,'. 

Exampl 2 
Duty ycle: 30 se onds on 8 

minutes off. 

V duty- ycle ratio = /5lO = 4.2 '\j 30 

N O VE M B ER, 195 6 

"Gp-rated current = 4.2 x 6 = 25.2 

amp r 
30- ond ·hort-tim ov rload 

(Figur 1) = 3 0 / = 22. . Thi' figure 

heing lo \Yer than that calculated fr m 

th du t.y-cycl ratio. the ljmitlno· 

valu '. and thcr fore , th p rmi.- ··ibl 
current i:s 22. ampere 

Example> 3 

Duty cyd () e · ond · on each 

m.1nu ·e, repeat d for on -half hour, 
n1ax1nn11n. 

vduty-C'yC'l 
160 

ratio = '\j 
6 

= 3.16 

. 'hort-time r ati ng (Figure 1) for 
30 minut = 1:3: / 

l�p-ratcd eu1T nt = 6 x 3. 16 x 1.3 

= 24.6 ampere . 

6- · eond hort-tim overload (Fig
ure 1) = 725S0 = 42.7 amp r , . 

Penni ible curren I 24.6 am.-
pere . 

- GILBERT MILEY 

NEW SA LES ENGINEERS 

LOS ANGELES 

Alan 0. Abel has been transferred to the Los 
Angele. Office of the General Radio Company. 
l\fr. Abel, a B.S. from Purdu niversity in 
El clrieal Engineering and an 1\1.B.A. from the 
Harvard Graduat �chool of Bu ine Ad
mini trat ion , ha b n a -'al Engineer at the 
Cambridge Offic for th pa. t wo years. 

Frank J. Thoma, of Los Ang l s, has joined 
the staff of the Los Angeles Office as a, 'ales En
gineer. �Ir. Thoma holds a B .• ' . degro in 

ALAN O. ABEL FRANK J. THOMA 

. ·�, 

Electrical Engineering from th Univer ity of 
Illinois. He was pr viou 1 r a o •iated with the 
• 'angamo Electric Company and later with 
Edward • '. , 'i vers a a , 'al Engine r for 
\Ve ton in trum nt . 

PHILADELPHIA 

John E. nook, who joined th , 'al Engin
eering ta.ff at Cambridg in 1955, ha b n 
transferred to the Philn.delphia (Abington 
P nn. ylvania) ffi e. 1"1r. , 'nook r ceiv u his 

JOHN E. SNOOK JOHN C. HELD 
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B .• ·. it El ctrical Engine ring from P nn ylvan
ia State Univer i y in 1950, n.nd f r th u -
cc ding five >' ar,, wa, "·ith • 'ylvania Electri 
Products at Willianu•por Pennsylvania. 

WASHINGTON 

John C. Hel<.l joi ned the staff of the \\ ashiug-

ton (• 'ilv r 8pring, :\Iaryla.nd) ffi on l\fo:v L 
fr. Held, a graduate f , 'Orge "\Ya�hingt n 
niver i .L wa. for fiv y ar, an engin rat th 

_ n.val R . ar h Laborn. ory and for the pit. t 
yc::t.r and a half Juts I en a 1nanufacturcrs' 
r 'pr ,entative in the \Vushington area. 

NEW YORK OFFICE MO VES TO RIDGEFIELD 

Th<:' [etropolitan <'\\" York Offic of th 
Cencral Radio Company is 110\\" located at 

BROAD VE:'\LTE AT L r.'l D l!l-" 
RTD<JFI (;;LI), �8\Y J8R EY 

'lclcphonc servi�f' incl ude both � w York 
City and local nurnbers: 

From New } · ork: \\'Orth 4-2722 
From New Jersey: \YHitncy :3-:H+O 

The n w offic-c i.· !-<iaffccl by the ame capable 
, neral R .. 'tdio engineer. that op rat d our 

formC'r \Ves , 'trt'C't Hiec C org . RoR an l 
. vYillhm J:-larrison, wh can upply technical 

and comm •rcial information on all General 
Radio produ<'t . 

T
l] E General Radio EXPERifttfE 7TER is mailed 1 ithout charge each 

ntonth to enf{ineers, scientist , technirians, and others interested 

in electronic techniques in mea i.U"enient. ff/hen sen din� requests .for 

ub ·criptions und oddre s-change notices, please , up ply the following 

i nJortnat.ion: nan1,e. co1npany addre s, type of buc iness cornpany is en<Yaged 

in, <rnd title or position of individual. 

GENERAL RAD 0 COMPANY 
275 M A S SACHUSE T TS A V E N UE 

CA M B R I D G E 39 MA SSA C H USET TS 

TELE P H O N E :  TR o w br i d g e  6- 4 400 

BRA. NCH E NGI NE E RI NG OFFIC E S  
WASHINGTON O FFICE 

8055 13th STREET 

SILVER SPRING, MARYLAND 

TEL.-JUniper 5-1088 

PH IL ADELPHI A 0 FF I CE 

1150 YORK ROAD 

AB ING TO N PENNSYLVANIA 

TEL.-HAncock 4 -7419 

C HICAGO 5, JLLINOIS 

920 SO UTH MICHIGAN AVENUE 

LO S ANGELES 38, CALIFORNIA 

1000 NORT H  SEWARD STREET 

TEL.-HOllywood 9-6201 TEL.-WAbash 2-3820 

NEW YORK O FFICE 

BRO AD AV ENUE AT LINDEN 

RIDGEF IELD, NEW J ERSEY 

TEL.-N Y, WOrth 4-2722 
N J, W H i I n e y 3 - 3 1 4 0 

RE PAIR SERVICE S 
W EST COAST CANADA 

W ES T E RN I NS T R UM ENT C 0 • B A Y LY EN G I N E E R IN G, LTD. 

126 NORTH VICTORIA BOULEVARD FIRST STREET 

BURBANK, CALIFORNIA AJAX, ONTARIO 

TEL.-Victoria 9-3013 TEL.-Toronto EMpire 8-6866 
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