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MILITARIZED LINE VOLTAGE REGULATOR 
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\\'here {'il'{'uil [(·tilthili!," lti of pt'imC' 
iIllPOl't311(>(', til{' 11I't'l1 fol' :u\t:'quai{' ]jut'
voit:lJ,({' 1'C'l(lIif1tioll ha:i 1(11)( I>\'t'li I'I'C'O,l1;

lIiz!'!!. X 01 onl .... {'fUI nWllunHII!w lirC' Ill' 
{'xh'lldl'd hy op<'ratioll of the h(';III'l"s Il.! 

n slightly 1'('<111('('<1 hut ('011::;11\111 \'011-
fll!:f',1 hul HI,.o pNfnrm:w('{' ('au 1)(' im
I11'0n'lI by t'li!l1illa1in~ tar,!!:!' p\at('. 
f:IlJlpl,V \";11'131 inn~. I n mall,'" HJlJlli('n
liOIl ';, proper PO\\'l'r-"uppi," d('~i~lI and 
th(' uS(' of :l litle-ull!flV;(' re!;uJatol' ('all 

dimillf\t(' th(' II('('{I for illcflic-il'lIt, :Iud 
ofil'n !('.-;"Hl'linhlf', S('rip'<-Iuil(' plate-

, II. 1". u" .. ,~, "Th~ U""'II " f 11 ""~r ()-~li""8"'111"8",r 
\',,1t81~," 19J61. II. /0,'. Cff,,,.,,,'io~ IIrrQrd. I'~ rl II. 
'\1 (. lIoltj~." In ,\N""""~. lI"Io4'~J, .-\lIl",""I;O 
I."w·\"ult • .o:~ i\<'IIulal<":' (]'~""I RadII> £~pe ... _~I". 
\,,,1. ~'II, Xo.. 2, J"I)-, 111.-,.. 

f ill"'. I, Vi . .... of th . ",lIl!o,i •• d " ollo g • •• g .. lalar. 
RIg .. lalar .. " II I. I .. Ih l fa .. gta .... d , ca .. lral .... u 

allh . r. a •• 

supply regulator,;. For :;u('h appli
cHtiOlI:;, t he sl'rvo-('Olltl'Oll('11 T YI'N 
1;)70-,\ Line rolulge H('h"u1:11or ~ lI"ilh 
it,. a(h-:mtng('s of high :wcunwy. II,) dis-
tortion, lrtrgf' pOWN mting. high efll
(,1(,1l('Y, and cx{'('ll('nl trn.n"icnl 1"1'

SpOll.,*'. 1m,,; 1'lel'c)I)l(, well ('::;tuhli ... lu·d 
The im portatu'e of lon,a;l'r tull(' life 

and illC're:l.';l'd ('in·uit I"l'liuhilily hns 
erc:lled a tietnllild fill" s\I('h :l 1"I'!.!;ubtol" 
huill to rnilit:u'y SI>l'I'ific'atilllls, In the 
pns!' few years, til(> (;('11('1":\1 Bndio 
Comp.my hn.o; dl~,;igned nnel built a. 
1I11111h('1" of SIX'('hllized regulators fOl' a. 
vfII'iPty of milll:!l',\' ('nd-use nppli('n
tiOl1s .. \ 11('\\' !'t'gulnlO1' ( Figll1'f' I ), the 
Tn'~~ ].'j7()-. \ L~I,l IS 1\011 olT('r('u, 
which inco1'porates the best. of th(' de-
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!:i ign 8.ud pc rfommnce featurcs of these 
specin l units, I n addition t.o t.he ob
yjous military en\'ironmentul ruquirc
mcnl;;; of shork, \'ibrnlioll, temperature, 
humidit.y, elc" lhe unit. is de:5igned 
with pllrtir'lIlar emphusis 011 flexib ility, 
ense of llwillten:lnCc, r() lhlbilit,y, and 
loug life, 

lktsic:dly, Lhe ['egl[\aLor (Figure 2) 
C0l1l)i8(1; of :"1 \ "aritlcli) 1lIltotn1.llsformm' 
th:l L ndjU!;t8 the output \"oltage, :\ 
"h ll l'k-ol"-boost" s tep-down t ran !l
to\"l\wr t h:IL cITet-tivC'iy multiplics the 
IU)lI'Cr rntitll; of the ' "nriae, flud n. scnro
IllCCiWlli ;;1Il that pusi ! ions lhe \' lIriac. 
The "hILek-or-hoost" l' il'l'uit, whi('h is 
ofte1\ lIISI'J for nlfl1\\l:\1 li1\('-\"oltagc cor· 
redioll , il-l :;hl)wn at the left of Figlll'(, 2. 

For flexihili ty ;'lwi ('Me of maiulc· 
nnncC', t.h is tj-k \'([ rC~HI !l tor has heclI 
huilt ill lWO lluitl-l ( FiguI'c I ), The 
lu rger 1tllit contains a s pecifll motor
dri\'CII \ 'MiILe and n hCI'I I1CLi(': lll.\, ~(: alcd 
"buck-or-hoos t," LI':1l1 sformcl'. The 
s mall('t' nlliL ('on tains lhe. clectroni c c ir
cllilry for sltmpling t he out.put. vol tage 
atld eont roiling lhe \'\I'o-phasc :;<:[\'0 

motor on the \"ari ae to IIlflint:\in lhc 
out put \'oltagc f'on.sttlu t. \\'ell wit hin 
0,25%, Thus, with di lTcr('nt ('01l1bina
tion >; of \' aritles Hnu Hbuck-or-hoost " 
t.wws.forlHcr~. regulators of dUTCl'cn t. 
I':\tings cn n be assembled uti itlg the 

s:ullc e1e!'il'Qnic control ein:uit, 'I'his not ...... 
oll ly pro\'idef; dc.'. ign flexibility , buL 11180 
~implifies ~cr\"i ("(' problems, sill~'c only 
onc t.ype of control circui t , intel'dlallge-
able for all regulators, is required, 
Furt he rmore , when :;('rvice of the elcc
lronic ci ]'('uitlY ii> I'c(juil'cd, only the 
s mall control uni\' IIced IJC rcmo\'ed, 
'I'll(' la rger uni t wit h fill it .s pO\I'el" \I'irin g 
can slay ill s('nice .supplying unilltcl'
ruptcJ (lml unregulated) powe r, Il'hi la 
I he ('ou t rol unit. i:; hei tlg ]'epln('ed or rc
paired, '[anllul control of output \ 'ul1.-

agt· i.s pO::isihle ciuring t hese intC!'\'a ls by 
means of the Yariac dial 011 thc frunt 
panel. 

Ease of lIIaintellnnce was fl prime 
cOllsiticrntioll in the original dc~ign of 
this reguh~tor, T uhes can bc replaced 
without. the- re mO\'al of flny CO\"(,I'S 
other t ha n t ulK! shield",. Remo"al of :l. 

l'( illgle dwst oo\'el' (Figure ;~) cxposcs all ~ 
othcr componcnts. Componen t wiring 
is 11t:('omplishe-d with :111 etched tireHi!. 
to provide It high dcgt'ce of lI11iforlnil y 
hel ween uni t:'!. Ench com ponen t I;; 
marked with ils maguit.ude and mting 
Ilnd is ident.ified hS :l, componentlHlm-
bel' pcnnanently ClGhed on t.he mount ... 
iug hoard, The t'ellw\'a l of t he bollom 
eO\"cr pbtc (Figure 4) ex po$Cs all et rhed 
Il'iring, The comple to circuit. diagra m is 
silk screened on t,he illsidc of this plate. 

Fig"'. 2, functional diag,o m of 'h" '''lIu[a'o., Ihowlng t h. b,,< ~,o •• boo . ' ciu.uil, 
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r For prolcctioll I1Kain~t. I he eITects of 
tnoilS~ur(l alld fUligus },!;I'oll"llis. the 
etched hl)~1r(1 j" ~alcd \Iith a fUlIgus
rc:-i",t(llit \' lll'lli"h. 

Helinhilil.\' and long life han:- been 
3.Sl<ul«'{1 hy t'llllSNnll ivc nnin,l!;S alld till' 

lise of 1 hI' hest nHl.tCl'inl.~ atld ('om
POllt'llt..: ill ",im p)!' {'irl'uit t;'. thut hu v{' 
prol'(·<.i"('liah)c ill 1011~ lipid j'X IX'I'j('rtf'(' , 

Fi~lIrc :; is fill elemerltary ('it('uit dill
gram of the l'untto1 tl1l11. .\ d-l: ,'ollage 
propol'tioilitl to the aYl'n\:.,\C tLHlJllitmll' 
of tlJ(' [I-t uutpul nlilagl' is pruc.iu{"cli by 
:\ fuli-wan' l<ili(,011 rt'I',ifirr with a 1'('8i,,· 
li\"(' load. Til(' IIllI/!lIitw\{' 'If til!' IO:ld 
r<>~i:-talwC i" ehQloil'll to miuirnizl' the t'f
feN flf tCtllP('I"lltllrt·, :\ud the dU1IIgC ill 

the lH'l'nlgt' I'nl ue of lilt' rCl'tilil'r output 
is Ic,;.,! limit U.l i (. for ICIllI}('nHUl"l's lip to 
13,jO F ( 75~C), ,\ ripple fill\'!' is iu
I'Julieu, which pnwitie8 iniillite rrjei.'tioll 

".... at ill{' l20-c'yc'I{' ripple frequ(.'llcy and 
hn.>! I1cgligible phase j)!tirt below fi 
cy.'J£'Ji! per scrom!' 

The filtered I'ollllge, which is propor-
1;01l1l1l0 tilt' B-t" output voltage, is com
pnrt'd II ilh 1I stnndanl I'Q1tub~ from a 
56,')1 W ,\ vultage I'l'fcl'clI('r tulie 10 ob

tnin a clilfl'I'CUI'c, or ('('ror, I'oltage, For 
maximum ti ll\hilit,\' , a (), \ 2 \\ ', \ !'I'gulll
tor lul)(' i_~ used to pl'ol' ide constant 
curr£'lIt to th£' r(,f(' ,-cm'<.' luhe, T he$(' 
tuhes Wt't'C' dCI'cloped rot, lIlilita l'Y U~t' 

wh('J'1' U \'oll:lgC referell('t' fn.'C from the 
u~un l "ollngc' jumps wali l'f'quirl,(1. 

f igu,' 3, VI. w of .h. 
" p . f th . c .... 'ol 
u" i, wit h dud c . .... . 
r . ........ d , .h.wi" g 
<.mpo .. ' ''' Id. "IiII _ 
<a. I.", ru lM. ato •• _ 
plau abl. w lthou ' ''_ 
m .... al "f d Ull ca ...... 
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The error \'oltngt' is amplificd by n 
dilff'l'ential ltmplifil'l' I l' iA:ul'f' 5) 1\'hit'l! 
u.,;c" .:;j,jl tubes 4lpf'r:Hing ,'cry ('011-

s<:'1'\'nli\'cly, al t'/JI1"t:JIlL Il('al {'r l' vlta!;I' 

(t.he t\Hit \lpf'ratf',~ rm its (JlnI rqz;ulaled 
output), 1(1 gin' Ihf' longc!'1 po" .. ,ihll· 
life .. \ ppropri:tll' kad :Ind Illg Ill·tll'ork~ 
nrc !lill'd for optimulII rt'gulalw' \>I'r
fOl'1lltllH'e. This lllllplifi(,d crror l'ohlU~(, 

i" flpplietl ill push pull to a thYl'!lIroll 
(2 1)21\\':\ ) motul'-('ontrul ('in'lIit , The 
1 h,\'1':\troIIS are pl'O\'idcd with f\. GO-cycle 
hia ... voltage at. u 00° ph:1,<;(' 1I.1I1!;Ie Idth 
rc.spc<'t to the :l--(' plutl' voltage. The 
alllplified d-e en'OI' vol lage "u perim
pu$'d on this a-<' hias vollage »moolhly 
chtlllb>'CS thc thrrl.trou tiring angle from 
H('UI' UO to 180°. 

A two-phase motor is tmppli('li with 
GO-('yc!c pO\I'cr from the power linc 
through the thYI'lltrou control circuit. 
Thmugh l· llllllgCS ill theil' firiug angles, 
the thYl'atrons ('on lrol the rl'bti\'c 
phase angle het w .... 't'n tlw motor-winding 
vol tage!;. Thei l' di!;tol'l<,'d outPllt, I'olt.
ages are filtered with r('iKIllalll l'ircuits, 
and !IPI)licd to the motor windililPl. As 
the lhymll'on firiHg UJlgJc I'haHgcs from 
0" to ISO", the angle bCt.WCCH the 
motor volt tlge.s ehunges 1'0111 i1i1l01181y 

from npproximulcly +00" to _90°, At 
Iml:ulI'e. full \'o1tfl~e i~ :lpplied to both 
molm' wiliditlbYl:! :.II, !l zl'ro-Ucgl'cc phasc 
:\lIl;le, The re"uhaut d,"namic bmking 
impl'oves t.he tmll~icnl rcsponse, 
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For maximum versatilit.y, n switch is 
provid('t\ ill"ide the ("oillrol tlllil for 50-
cyd<, olX'mlioll of the r<'guI:Hor. In the 
5O-c',ve\(' lSwitdl p<""itioll. thc ran,l!;e of 
operlHion is Vi to 55 C'; In the' GO-f'ydo 
pO~Itioll, it is ,'),j to G,~) ('. Hpal'l' is al,;o 
prol'id f'd ful' tht' iU/ilallati(ul fi :1 !i{'Ptl.~ 

!'Uk 1)\ltput~ vol t!l,l!;l'~S alllptill)1: trall8~ 

formel' t.o p{'I'l\li, ('OIlII'O! of ,IOO-pyele 
pOIl'N, nlthollJJ;h iiO- 01' ()O-c'yc'lp POII'(' 1' 

Illllst IX' :\\':liJal)!e to OpCl"lttc the (,Ollt 1'01 
unit, 

Thc 1II010r-<lril'('n "ariae is a spceiai 
hfill- I)(':tri n~ IIIc)(i('1 similar ill de'"igll to 
the IIl'lI llIotor-drin'n "\\" " typ<, re
c(,lItly tl-llIlOllllc'('(\.I,\ front-panel dini 011 

"'.\I,,(ur I) ....... fu, I\""~,,, \'Bri~.,. ". (lu.,~, I('~fio 
J;.r","m,.'", 1,,1 al. Nu.~, A"~, .. ', II/:AJ. 

Flgu,e 4, Vie w of Iho 
bOllo m of Ihe conl,ol 
unll wilh dUll co ve. 
'.mo"ed , _ how l"g 
Ihe elch . d clt-Clrll 
.. nd eireuil di .. g, .. m , 

the Variac sh:lft. indic'utcs the input. line 
l'OltUgC, Thi,'i di311tl80 iudic'Me;;; the rc
!;("rl'C I\'orkinp; rung(' of t Hc regulator 
alld permits malluni adj ustmcnt in ('ase 
of a COlltrol-lIuiL fllilUl'c , An additionul 
cnrholl brush to makc rOllta('L with the 
radiator in P\:I(,C of the usual met.al 
take-olr ring llIinimi7,('S fr'i ction and 
gin's lOll)!; life. ill a ~('I'\"i{'c derllltnding 
t'olililllWI motion of t he \'nrill(' hrnsh. 

The \ 'a rine motor hi a lwo-plmsc in
ductiorr 11\1)1 or. I.ong troubJc-frl'e life 
htt:; bee .. assured by tlif' tiM:' uf 1\ th~'m
tron IllOlor ('011 1 rol ('i reuit mliler than 
rclays \\'i th their ('ont:\ ('L ll1:1intellance 
prohle ms, T his eire'uiL a'-~o rl'"uhs in a 
s upe rior propodiolial - t,Vpl' ('ont.rol 
rather thau lIu.' wmlll on-ofT cont l'Ol. 

Flgu .. 5 , EI ' m e nt ... y cIrculi dlag.am of the conlral unll . T .. p" " ' ''' .I mpllc!!y , the le .. d and 1"9 n . l_ 
w .. ,kt and Ihe thyral, .. n bl ... eI,c.,i,. a •• n'" . hawn, 

Ml)fO<It~ ".OI. 
r" ... ~,1f(W 

1 • 
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, 
r fhe mot,m willdillb~ :lrc comp!('tely en

l'llp.:ml:ltl'(l to prcn:'ut del('TiomtiOIl 
fmlll lIIoi~hl!"t· 01' flllll{U1; !!ro\\,ths, and 
the output. ~hafL is .~tninlc",,. stecl to 
I'c:< ist ('01'1'0"'1011. 

As the hru;;;h mOVl'" :WJ'Os." the \ 'nrinc 
winding, it j" in (-oulad with more' Ih:ln 
olle tllt'l] :11 n lin1l', thl1s pl'u\' i rl itlj.:; U 

(·ommUttllillj.!; actiOl l undo t herefore. n 

smooth (·h:lll/.{c in output \'oltut.:(', While 
this COllllllut:lting action is t1eees&'l.ry 
rOt' tile norlllul Opt.'l'atioll of ,.ill' \ 'a rial' , 
the "hortiul-( !lC" iOIl IJf t Ii{' brush ('UUlleS 

('urr"('II! .~lIr~t·.~ whieh e:m be tlctc<'tcd us 

small rtUiio-frIXll1t'IIf'Y 1I0i:'(',. Oil t h (> 

pOWl'r lil1l' .. \ !though. in most uppli t·u
liolls. Ihis Hoist' is ('ompif'lcl,v ill>iil!;
nific':lILt. :\ noi:<C-I"l"{llieilig filter is pro
vided tlm l i.~ mounted on the \"llri!\(' 

tCl'lnill[l1 bO:lnL Furthcr' noi:,;c rcduction 
is pl'Ovidcd by fivc t hmugh-p:\ .... ;; ea-

,..... paeitol'll lvt':.ltcd 011 t hc maill t('rminnl 
hOMd at Ihe rcat' of the rCl!:ulalM. which 
bY-J)aSd the \':\l'i:l(, '·OIIlICf·tious nt. thc 
"buck-ol'-hoost" lnlll"formcl' and 1 he 
input. and outj)ut ('(}IlIIC(·t;OI1~ 10 the 
r('gulatol'. This filtNing is ndt'qlUltc t.o 
mcet, (·rilil·tli militttry inlCl'fcrCIII'C ~ l)C('i

/i('at;olls. 
To pro\'idc ac1('(lu:itc ~tl'f'll~t h ror 

milihtr .... shlwk and vihra tion r('quire
I1H'ntl'i, till' I'(')!ulatol' unit i5 huilt on a 
~\'{'rI-hlt'h. l ' -;:ha lwll, eXl1'1lL1t'd-u luHl i
nllill I'htll1lll'l_ Th(' !!1n:111l'1' ('01111'01 unit. 
ltIount.'oI on a ;1 ../' :lluminUIll pam'l. Both 
units will \\ilh~ I :llId tile stnnd:ml 1200-
ft-Ib shock tc.~t. alld I he.\· show no 
significant mcchalli{'lll 1'l'SOIUllll'l'S up lo 
:;.-) t'yeics PCI' second. 

Tlw l'Cgulator is dcsiglled 1("0 mect 01' 
to eXI'l'ed Ihe general requil·(·lnclI!.., of 
:\1 11 ...... 1-:·--1 \."18.\. I t. will opl.'l':llt· at. full 
10l\d O\'cr the :Imhicnt. lcmJ}f'rHlut'(l 
r:lnge from -:?goC 10 +,32T {- 20° to 

NOVEMBER, 1 956 ~ 
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GGG ,., 
" 
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-
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FI\I'''' 6. View 01 ° tI"'.,ph .... , 18 j(VA o ... ... bly 
01 G .... , .. I R""lo ... ilil .. ,I .... , e \lu!c.lo" .. , u .. .. 
by Royth . o .. Mo .. ulo<lu,I ... Co ... po .. y to p.oyld e 

"on~l .. nl Ii", ... oltag' 1o .... da, . , .. ,ion • . 

+ 12."tO[Q and for Ilon-opcratiug stor· 
n~c from _:;_10(' 1.0 +::).I ~C (- (}5" to 
+ I;jO° !"). With spceial mal.Ql' llibri
C:Ull:;. opcmtion is po"",ihlc at far lower 
tcmpcrutlll'('~. II igher-t.ctnpcra t111'C op
enl1i(1II is po,,~iblc III lo\\{-'r powcr ralinv; 
or with l·c$t1'it"l.eu d uly (·-,"dC'. 0P('I'fL
tion is possiblc with n'l:lti\'c hUlliidit.y 
lip to 100 I}('recllt. ineluding l'olldl'lL"n
tiolL (':111&"(\ by temp('r:1t.tl re chllngt'p.. 

While t!I('SC lIlililHT.\' spcrifil·(lt.ioll:; 
arc gCllcl':llly morc sevcre 111:111 those 
ClltOlilltCrcU in most. indll~ l rial upplka
tions. t.hc ill('I'l'lHiCd rcliability alld ell.'iC 
of m:,in l cn:1l1(,c may nrtcli ju,;tify thc 
usc of the militarized rC~"\ilalol' in 
eritical illd ll l'itri;l.l :1pplil'll.lions. ThLs is 
parti(·ldal'l.\" t rue fOI' n]lpli";ltioll$ at 
hi ~h ambit'lll tcm lX'm t lLI'Cs 0 1' for port
ahle il1~l:1llations where mc('hl\nit'al 
s lu)('k or vihl'alioll i:, Cllt:olllltl'l'ed. 

- 1\ [, C. 1I 0J:rH~ 
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lnpul Vo llo,,' Ran"., Tile dNiml output \'vllll!,l;~' 
" ' illl)(' mllintnin~,,1 if Ihe iUIl«t \'011"1t1' d()O·~ IIvl 
\'llr.\" 1'.1- mOH' tll:m ""IOC(; rrom this v"hl(' flf 
oullllli vvllllg{'. A .20(.~ r:'In!;" ""lIut'<"ioll is 
IIIJJO 1I""ill.1.>II'. 

Oulp,,1 Vollag" Adjostahl{' on'l' .. nOll!;I' of 
,. J()~ from II h,,!:'C vl\ll1(>- (If 11.'1 Wll1~ bl 1Il(':IZ1S 
of II ~("I'f'" ... Il'i\'l'r Mljupll1l1.'nt (>II 1~1Il1'1. 

}I,; ,\",,,1111'/ 
O"IIJII' I 'oJ/III)#' .Iflj"./'J/./' 

""" IfI' , 
Inlillt vnltnl'l' Ill! llU' ( ~J'( 
11 lJ('n'{'nlr,s;,> uf ... ... 
OIlIIJUI I·"ttlljl;'·· Ilor( 120' , 
OUlput "urn'lIt 
~11I'n'~ 50 " 10>",\ , 

" 

Act.no,i .. Suppli.d , ~I):I~ fu84.'S, 

Wav.fo,m Erro<: TIll' [II"'r"lte v"lnt· •• , Ih(' (.ntpul 
VOIIlIg!' i~ Iwld oon~IIlIII, 1i IllIIl,I-(·I~>I.-.:'r ~u]Jl'ly 
wilh n·,.i~tiVl' load 0I)l'mll'd fn IJn lin' vutJlot 
of the rt'\l:II I:'lor "ill giv" ('nn~t1l!, 1 OllljJllt "<lilt' 
ilK" r1.'lPl l'dh'~s t,' llit ' 11lItmullic di!Olurliuli pn:.'>'l·u! 
in \1", 1)01\(" lin(·. 'I' ll" I'm ~ Ulllplli v"lIa~'t' will 
III"V l'1·main t~Jt!~llwt, 1'f'l(nt,III'~ of lilt' lmr
mon;,' di~t(,rli"" I)ft·~'nl. , ... 101l1o: 'I'" tilt· 1)11,1 .... · 
,,,,d arnplitud(' of lll~'" ImtmOIl;"!I 1m ' ~'fHl~hul . 
If the h:lrIllun;,· ('OIlh'UI dmlllt<"'. t ill' f lllit ,'"hlt, 
will rhllng(' h)'!IIllIlIl"ulltle~~ lh"" .}U rl. "I ... ,,· 
:::.Il is lht' rlHUlKl' ill tlfl' ImtmOllil' lIlIl]1litudl' 
;11i,1 " ilt till' h"rmo"i,' nllll1!ll't. 

A ... bi. nl Te ... porolu,., Full rul inl(!! allply u" \Q 
;).j C, 

f,.qu. " ~y, Frnlll ,-,.r. I .. (r, (·,,·,·IM.< (" rrvII\ I~ ,,, 

"('I'lIrrll'}" in (, 5,:; "~""'I', ".~ Sf·lt ·,'II~1 11.\' ,I ","-il('h, ~ 

of OIl\llIl1 ,,,hug" 0,25'1. o.a( ., 
Rill .. '" \if 1l \~ I~"' ~" 

2() will ~ Jler i!<4"'nnd '0 

Powe. Conoumptlon , ,\" I ~,,,d :1.'1 lI'aUs 
f.'.11I I~",,! (1)1..1 lI'"n~ 

Mounting", HI'I",'· 11 ,1(,1;;, 
-],,.In,,,,PIlI •• ,~ .1,il'l~ ,,,,,~ ... ,t • ..t I", "'10', ... n~~ ",,1_ ~'O', "'''It'' ,. ~1~ .. ir....J jn ""'e' Dlm. n" an,: 1{I'j.(II!alor O)!llr(,1 
,;;I"I,U", 10 .. f", '."0')' ."",11 '-'~!J'"" ... 'rr"'I~"", 
Tub. C .... pl . .... nl : 2-.;,,:;1. 1·5f>51 \\ A. J.( I \2\\ A. 
2-2D2J\\'A 

Wa .... /o .... Oll lo.ll.n , XOIII'. 

lleight ' , .. , 
WidtA ... , .. 
Wright_ .. 

l1nit Unil 

i in. 
HI in . 
50 III. 

CtJl/f:'lI'ord I'rir~ 

1510-A l SI$ Aul.m.ll~ V.Ir., . It.,ulal. , Cl.oTIl S6'H.OO 

qj/Oj/II/I} )/rirr,!)/! rtq!H!$I. 

VARIAC ® RATIN G S V S . DUTY CYCLE 
QIlC of the important acl\,!llIt ll/-!:C:; of 

V:ui:l('· uutotl':tllsformcl'8 \\'it h f)/t ru

truk COl1ln('t, 8ul'fa{'c is t lwir nhilily to 
operate under "i!wrt·pcriod o\'('rlo:u]s 
without dUnUl!(e . For i>hort-tinw OlK'nl
tion, raiN] curt'f.' IlL cnll I){I multiplied hy 
u f!letol' that V3. rl rs hCLII'Cell 1 :lull to, 
dCPClldill~ upon lite tinw that the 1f)(\{1 

+ 

" • • -

is fl l>J>li ..... d, :lil shown ill Figure I. Th\· 
same prol>crti('$ that prevcnt det eriOtll
lion under thc>;c high o\'(~rloads !l11)O 
permit sub,,"l!llltial im' I'1!ll$C$ in rat in)! 
for intermit.tent opcmtioll. wit h lhe 
magnitude of t he itll'rease dependin),!; 
upon the duty-<'Yc!c rat.io. If UIC tnlal 
lIumlJCI' of dut.y ('Yl' lr'8 ('oll1pl'isc c' lIly a 
rrinlivciy short ol>crntinJ!; pcri (ld. the 
('urrell t I':m he fUl'thcl' itwl'caS('d t.o Ihut 
dcterm ined h.1' the ~hfH't-tirne nHill~ 

£:l('tor :shown in Figul'c I , 
If duty-<'p'll' mt io i:s dcfincd :l.S t he 

ratio of OfT-pl ll~-'1ll timc to t)lltimc. the 
\'nriac rated (·ttrl'('nt. may he mnltiplied 

f Igure I, for Ih •• I_ll .... ovorl •• dl , Ih . normal 
V.r loc ~" .... nl ... ay b ••• ~ •• d. d 01 "hown In Ihis 

cur ..... 

..... 
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r by the square root of this rutio. T he 
following exnrnples will illustrate t.he 
cukuiutioll of permissihle ovcrlo:ld for 
the TH'E \\'5 rllriuC', II"ho;;o rated ('ur
rent iJ; (j :In\pcres, 

EXfllllpJC [ 
Dut.y cy('!e: IS sccotH ls OIL oul of 

c\"ery <I minuteti (240 s('I'ollds). 

I?·IO 
-VduL.v (',vl'le ratio = , - _ .. 

to 

l'p-raled ('WTcnl = 6 x 4 = 24 
3.m]J{'I"cs . 

[;)-l>l'('(mc! ,.,horl-tin1l' \I\"prlofid 

(Fi/.!:ll]'{' I = 500' -( = ;{Oampcl'l':< . . <';illl'c 
ll1i:< i>i ~1',,\lpr lh:m thaI ('ldl'ubthl rrom 
thl' dU1Y-I·yr·if' ratio, the btl('1' ('on
trol.'l. and lhe permissihle ('\llTelll is 2·[ 
alHpCI'l'>i . 

Examplf' 2 
Duty ty('!c: 30 ;;c('onds on, 8 

"..... minutes oiT. 

y'l I - .- 1510 (Illy-eye (' mLIO = 'V
ao 

= 4.2 

NO V EM B ER , \956 

LOp-rated f'Il!"l'cnt = 4.2 x (j = 25.2 
!\Hlpel·(·s. 

30-sc('out! s horl-time overload 
(Figul'l' 1) = :~8U( ( = 12.8. Thiti figure. 
hrillA' low\'!' tllnt! Ihtll \'i\I{'u lated from 
thl' dut.\·. ,·.\'('lc· I·atio. i:s the litllitill~ 

vn!tlt'. aud lhl:'l'l'£l)l'(>, Ihe pCl'llli l;siblc 
(' lIlTelil is 22 .S aHlpN{'li . 

Exumpll' :{ 
Dut.\' ('.\'('1(': G :;l'collds Ott caeh 

miIHIH' . n·pt'11Il·d for uIl('-half hom', 
maxilHlllll 

r[llio = ,IUD = 3. 16 
ij 

~1l<)I'I-till1(' rating ( Figure 1) for 
3U minules = \:5:1 \ G 

l'p-rated ('lIlT('llt = {j x :UG x 1.3 
= 21.0 Hmpt·\,Plj. 

6-set olld shnt"t-timc 0\'('1'10:"1.(1 (Fig
ure 1) = 72;) ( l = 42. 7 ampCl'l'S. 

Pcnnis:<ihle CIlI'I'('1I1 is 24.6 am-
peres. 

~ GIl.nE!!'!' S~IIU;Y 

NEW SALES ENGINEERS 
LOS ANGELES 

Ahm O. Aht't hal> bt.~'n tt:'l.n~r,:,rrt.'(1 to th,' Los 
AIOII;t'k~ Oflit"C of th,:, Gl!nerl.1 Rauio c:.:.ul)lan'y. 
:\ Ir. Ahl'l. a Ll .. -:. from Purdue UuiveJ";;lI,Y in 
Et~·tricut Ellgin('j'ring lUlU lUI :\l. fl .A. rrom the 
II"r\':l l'd Gr:\du:lte School of BU.l:'inr·s.~ Ad
lIIiui~tr:l,i\)n . hilS 11\.'('u II i"\"lcs Engineer lIt the 
Cllmhridge Ollitoc for tl\(' P11~t twn .\'elII"!'. 

Fmnk .1. Th"'11". of 1.AlI! Anl:'!le~, Im~ joiul'd 
the ><hff or II\(' Los AuW'!l's Ofli()C II~ II i"\.:tle~ I~u
.:inet!r. :\Ir. ThoUlIl holds ,~ B.;;. dcgl'l:tl ill 

ALAN O . A8EL FRANk J. THOMA 

r:; 
• • 

\\, 

Io:k,{,tric,,1 Io:UKiul.·('fiug fmlll !he Uni\'!~r~i!y of 
lIlinni~, lie W:l1I pl1·\'i<)u.~ly 'U!<'Iwiatl'tl WiUl tht' 
!;;Ulg:UllO EI('l·tn,· O }!I1I)1I11Y !Lud hkr with 
F',J,,~.rtl , __ . ",il'wl'/< rlS II Hales Ellginc.;r for 
\\ 'cswu iU~!rtlln('!lt8. 

PHIL AOElPHIA 

John E. Snook. ,,-hu joined t he "'1I1e,; Ellgin
l.'CriulC ~t .. ff at ClillIllridW! ill l!I55, h;(.8 1I''I:'f] 
lmnsfcrrc<l to lite Pluladelpilill (AhingtOIl , 
Pcnll .• ylvlInia) Olliet!. :\l r. Snook rt'(~i\'l'1J his 

JOHN E. SNOOK JOHN C. HELD 

~ , 

! ~ 
A I' 
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GENEItAl ItADIO E X PEIt I MENTE It • 
n.s. in gh::dric:~l E ll jl:illf"' ri llg from Pcnn s~'I\'lUl
i:o Hh~t~ (J .. i\,,'t~it \' in 1~I5(J. ami fur ttl(' ~u c
('t1~li ti g lin' .V(ll,r,.: In'~ wil l! S.\'I"all lfi EII~·trie 
Pr(JdU"L~ M \\' i1Ii:un~[l()rt , P" Ill"<,I'lvani!l, 

WASHINGTON 
J ,)hll C. lipid juiu!'d thfo ~I.<,rr nf the Wa.~hing-

t.on (;.;iJw:r Spriug. )'laryl:md) Ofli«(· .In ;'Ib r l. ~ 
.\I r. II /.'Id. II "rmluu(l< or (;{'(' r~'l' Wa~hi l l"loll 
L'oil'crsity. II':~S [fir /il'(' .I',':L!'i' '~II 1'lIlI:i1l<1'I':>t t ll(' 
Xllv,,1 1u..,..,,, n: 1I 1 ~.horatur.I' :Ll1I1 fur tl", I ~'~L 
p·,.r :\1111 :' half ha~ 1)1.1'11 It IlltllLuf"dul't'rs' 
I't![lre~nt,nil'c ill the \\"l.~hillgton :1.rtla. 

NEW YORK OFFICE MOVES TO RIDGEFIELD 
Tilt· ).h·tn)I'{,lihl1 X I'" Y"rk Ofli .... · uf the 

C('IH'ml I{ulli" ('HIlII.:III", l~ nil'" hot·at .. d lit 

B'\Ulh A , r.\'n: AT L I\,nt:\, 
HII)<'I'I~:I.l', "~:w J t: ltl\~: l' 

T.,J,·phollt· I'('rl'In' ill!'llld('~ buth ). ... '" York 
City ar,,1 I"«al lIum!"'n;: 

"',,,,,, X~'I' }'",k' \\'Or1h I 2~22 
""(1111 .\'('u,Jcr~e_'r \\' J! illll'Y :~:{I iO 

'I'll!' lIew ojlj,'!' i~ ~t"fT(·.1 h.\' tiLl' ~:Ullc, rfl llfl!.I!' 
G" llI'r,,1 Hndi" ' ·"l>i'I('·1'>; (!tIlt oJlNutrd our 
fO rttll'r \\t\'.~t .o..:tm·t Oll;'~" l ;.'Or.l!t' G. H~~ MIll 
C. \\" iHiulII 11 'lrril'OtI. who NUl .• lIppl.l· iL',·huir:1l 
find t')l11mL'N'ial i"ft)rrn"l;hll on all G~u('r:ll 
j{' I. lio llrodw·ts. 

TilE (~(, II('rl" ill/diu r:,H'EIU.H/:,·/\T/-:U ;:s /t/tlif"d " 'ill,oll' (,/lfll'!!e cIlCh 

/tltlllll, 10 ell;! illl'(, I·.~ • . ~";"'I li.~ I .~, /(' I'II";";II" .~ , fltld olh"I" ... illl(' j"e.~ I ('d 

ill elf't' /TOlli r l ef'ill/iqlles ;11 tl l (,II.''H'l" t! fl W III . If 'l, c lI .w' /H/ill ;! 1 ·1' (I"e.~· ' ,~ JOI' 

SIlh. .. rr;IJ/iU// .~ ""'/ (ld"n' .",.~-dl(/lI ;!c Iwl;' · ...... I,h' lI i,(> .~ IIf1"ly lir e Jollou·ill g 

jll! o r /tlfl 1 ;011: "" Illf' . "Oll'J# III 'y Ilddl'(,.~.'1, 1 :},!Jf' (~f 1111 ."' ; III· .... '" ,'''111 flIIII ), i ... c u gllgcd ~ 
,' ,, _ , /lid I;lle or 1'0.", ;/;/111 oJ i"di,·;dl/fl/, 

GENERAL RADIO COMPANY 
175 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE : Tltowbridll e 6-4400 

BRA NCH ENGINEERING OFFICES 
WASHINGTON OffICE 
'0 5 5 I l'" PREEr 

SI LVE R SPRING . MAR Y L ... NO 
IEl._IUn l p e .5_ 1 0 •• 

CHICAGO 5 , ILLINOIS 
92 0 S OUTH MICH, GA N AVENUE 

TH._WAb ... " 'Z_3'~0 

PHILADELPHIA OFFICE 
1150 YO IIIC lOAD 

.... 'NGTON 'fNNSYLV ... N, ... 
IH . _H"'n <o < k 4 _14' 9 

LOS ANGEUS ] 1 , C ... U FORN IA 
1 000 NORTH SEWARD STREll 

TEL. _HOllywood 9,6201 

NE W YO IIIC OffiCE 
•• 0 ... 0 A V ENUE AT LIND eN 
~ID GEflflO. NEW JE.SEY 

TEL _ NY, W O. , ~ 4 ,2112 
NJ,W H I.n .y 3 _3 14 0 

REPAIR SERVICES 
CANADA WEST COAST 

WHT ER N INSTR UM ENT CO . 
116 NORTH VICIORI .... OULEV ... RD 

.U ..... NtI. . CALI fORNIA 
TH ._ V;clo"o9,3D I 3 

.AllY ENGINH ~I N G , LTD, 
fl~n SlUH 

... J ... X, ON TA IIIO 
TH._To, o n to EMpire '_"'6 
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