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AUTHClRIZNr-ION FOR T~ST 

1. The subject tests .;ere mtthorized b;r reference (a) , and 
references (b) to (e) inclusive, are al no pertinent. 

Reference: (a ) Ene • .let. N0s- 36091(4-25-r,8) of a July 1934. 
(b) Eng.let. S-900-7409(4-25- V;S) of 30 April 1931+. 
(c) NRL let. S67/38 of 31 May 1934. 
(d) Navy Schedule 900-7/,09, r~.dio transmitting 

equipment. 
(e) ~estinghouse Elec.& Mfg.Co. let. W.G. 16600 

of 6 July 193/, to .!3uEn6r. 

2. The object of this inve::,t.iga.tion v1&s to stnciy the electrical 
;:,crform.::nce of the Rectigon Control Cil'cui t of the ;,foe.tel TBK Rc,dio 
Tr&nmn5. t te1' Rec t.ifier Unit Type CA.Y-20013, and to determine its suit
ability for use in Nc.vd radio Bf;uipmcnt • 

.il.BSTRJ..CT _ OF TEST 

3<> The performance of the type CAY-20018 rectifier unit of the 
i,fodel T2i<: r&dio tranc,mitter v;as observed uncier t hree dif ferent circuit 
conditions as shom1 in Figures 1, 2 and 3 res9ectively. Under n:1rrnal 
ope:·& t ion, as sho,m in Figure 2, data nus o btrdned and cnlcula tions made 
on tube ,md transforh1er cha:?:·c.cteristics , t he ueparation of the rectifier 
circuit losses i:1to their component pa1·ts, overall efficiency of oper&
ti-::m, end ::iercent output vol tage rippl e. 
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Concl'J.sions 

(o.) 'I'he Rectigon tubes used in the Model TBK radio tro.nsmitter 
rectifier unit are being ope:·a t ed within their r ating of 
peak current and peak inverse voltage . 

( b) The RP.ctigon tubes are electrically and mechanicr,lJ.y satis
f t1ctory for use i n the subject l~av&l equipment with ci.n 
ample fac tor of safety. Ho·,;ever, the life expectation is 
not apt to be greatly in excess of 1000 hours which means 
tube replscement approximately every six weeks , if continuous 
operation exists . 

(c) The Rectigon tubes repre:;en t a makeshift application of a 
tube design already existing, and therefore do not represent 
the most efficient type of tube for this circuit, from the 
standpoi~t of filllJT!ent energ-J conswnption, voltuge and 
current ratings , life expectation, and overall efficiency 
for continuous operation at light load and full load. 

(d) The s;iace requirements of the Rectigon circuit and its 
<;<!eight are considered excessive for the amount of pov,er 
output . 

Recommendation~ 

(a) The rectifier tubes used in the control supply circuit of 
the TBK ::.·adio transmi ttcr which furnishes 110 vol tz direct 
should be replaced with n tube design v;hich better fulfills 
the circuit output requirements and which has a life 
expectancy of 3000 to 6000 hours. This v10uld lov,er the 
ini tial cost und maintenance, decre&se weight and space 
rec;uirements , and increase t he overall efficiency of the 
rec tifier circuit. 

(b) Each rectifier t ype tre.nsmittcr should ha.ve & self-contained 
r ectifier circuit for supplyi!'lg 110 vol ts f o2· contr ol a.nd 
key circu~. ts . 
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· 4Q The r1~:1a~r~tus \:..rho se electricf;.,l pe:·f orrne;.nce \~lf..S 0tud.ied v,~as 
the control rectifier circuit of the i',locle l TBK llc,dio 'l'run smi t ter Rectifier 
Unit Type CI.Y-20018 mo.nuf&ctured by t he \'iestinrrhouse Electl'ic and l,tanu
fo.cturing Co. , and consists of r:. single phr..se full 1·,&.ve r ectifier cir cuit 
v;ith t~;o ty;Je 8-289416D Rectigon tubes, The output obtained from t h:L s 
circuit is 110 voltD average at 1.0 amperes nverage and was incorporated 
in t he TBK Trannni tter ec_uip□ent to provide the neces::;ary ener g:/ for the 
no volt D.C. control c.nd k8ying circu:Lts. 

5. The control circuits ;.;o suppli0d nre inductive and t herefo!·e 
the rectifier e..ppa:::-1:;,tus .'.ind circuit was stuclieci under t his condition. In 
addition , the electr ical performr,nce of t his 1·e ctifier circuit wo.s studied 
under the :::ond itions of non- inductive output load, both with a condenser 
input i'i l t e r of 200 mic1·ofar&ds, and c:lso un inductive input ty;_)e of 
f i ltero A diagram of connections for t he Re c ti.goo Control Sup1)l7 Circuit 
is shown in P1at8 11 of r 'igures l, 2 and ;. Under actunl o;:->er ating c on
di t i ons the ci.ccui t used is that shown in Figure 2 , v:here t he l oad 
1.,p:_:>l icd to t he rectifier drcui t is i nducti vc. This corres1)onds to the 
refay loud ,;:hich exists in t he TBK r adio t rD.ns;:;1i tter. Figure l shor;s the 
sc1.me circcri t v;i th the exception th& t t he output load on the rectifier 
circui t .is non-inductlv1; . Fi gure 3 sbm;s t he circuit condition ·ahere 
the conden:,er input filter has- been substituted by a choke input filter. 
Thi s is t he condition uncier v,hich the rec tifi e r circuit v-ras studied v;hen 
the ~10.teric..l for ref . (c) was obtained. Figure 1 and Figure J vmre cir-
0u: ts stu:Hed as a riw.tter of co1.1parison ';;i t h the circuit chmm in Figure 

;·,II.:TH8D. JF TEST _ 

6 . 'The rnd,hod of t est is i~dicated in Plate 11 of .rigur-es l , 2 
"'mi .) . J..J.l i nstuntaneous electrical quc,ntities ·,;ere obtc.i:1.cd by ;neans 
0f an oscillogruph with t he proDer cc.libration u::,:?lied. The i ns t ruments 
f or :neasur ine the t,ve ~·age or effective electric&l quw.ntitieo i nvolvr.:d 
eithei· for c E • .libra.tion or othe rwise, ,;ere obt ained through the use of 
lns t 1~u;-,1cm ts of either t he D'Ar ::ionvo.J. t ype or the electroc.ynumometer type. 

?. The dat& recorded dur ing tests are shown in 'fable l nnci 
?late~ l t o 1 1, inclu s i ve , und ;';ere ta.ken ·;;i t h the object of obtaining 
info.::·rnd:.ion on th(~ fol l.o·iiing rectif i er char"'cteristi cs: 

(n) O:)ernti on with concieirner input filter , non
inductive lon.do 

( b) ·Jperu tion \"ii t h conuen,;'")r inp1.,t filter, 
l.nc}uetive load. 

(c) Ci:,02·.stion vdth choke j_:1:mt filter, non-
1. ·~1ducti·vo lOLid o 



(d) Rec t ifi er ::.mtpu t v:Jl tt:gc rcgula tion under 
ve.rious con d i ti·:>ns. 

(e ) Impedance of transforl:ler windings. 
(f) Rectifie r t ube characteristics. 
(g) Lo~oes in circuit elements. 
(h) Percent ripple. 

PROB.c.BLE ERROR IN RESULTS 

8" The accuracy wi t h which oscillogr&ph records can be rend 
and me&sured is 5;£. The c&l ibrc.:.tion of these records is accurate to 
about 5~~- I.Jeter measurements , using precision i nstruments, were made 
vii thin 1/2 of 1%. Tbe accuracy wi th which cal culations v:e1·e made is 
indicated under 11Results of Test11

• 

RESULT~, OF 

9. O;_)ero. tion with condenser input f i lter, non-inductive load 
(Figure 1 of Pl ate 11). 

(a) I n Table 1 t here is given data t aken on the Model TBK type 20018 
Rec tigon control circui t under circu:i. t conditions as shovm in 
Figure l of Plate 11. Oscillogr""phic traces shov1ing ,mve f orms, 
inst antaneous v&lues and ph&se relationship of the e l ectrical 
quc~n ti ties involved are portr&yed in corresponding film records 
lA, l C, 2A, 2B, 2C, 3A, 3B and JC of Plates 1, 2, 3 and 4. 

(b) Film record lA, t r aces l and 2 , ;:;ive t he rmve forfil c.nd instan
taneous values of pri.J.1wry input vol ts and c.mperes to the 
rec t ifier transformero Atten tion is invited to the peuk value 
o:::· 3 o/46 primary amper es, y;hereas the IloM. S o value shm·m in 
Tc:.ble 1 is L.30 l'-mperes. The high peak vc:lue of current found 
in the prim:.,ry current wave form of the transfon1er f or both 
positive and negative half cycles is due to the effect of t he 
large charging curren t •uhich enters the 200 mfd filter condenser 
during the conducti.on period for every half cycl e . This con
duc tion per~,od i s o.pproximately 1;5 olec tric&l degrees. 

( c) Film rec•,1rd l C, tr&ces 5 and 6, shov.r the •nave f'orra and in
stL.ntaneous vulues of anode currents fm• both Recti gon r e c tifi e r 
-c,u:)es. Those tubes , 1.rgon go.s f i l l ed , type S-289L.16D were 
r.;)cro.ted at pe::i.k values of 7.52 c • .mpc::.·es for the rear Rectigon 
No • .T-3 :md 7.l!; amperes for front Il8ctis<m No. B-L. , these values 
being v,ell ·:,i thin t he ·m&nufacturer I B iceuk anode current rli t i n6 • 
Tht, tnt,; l e of conduction of plc.:te current through ec:..ch rectifier 

t1t1'"'· , .. ,, <· ·nea"\''""'('1 r c ,., ooroxi· 1n··' t•" 1 •. L r.,O ... v-... ••u .:> ; J ;., - ~ t,..._ C, , C.. 0 O. l ;_ , \ t G<. ,_.,. .1.~'f ,;.._,, o 

( d) Film 1.~ecord 211} t n,ces 7 und 8, ::;ho·:r the ·,,&VG form anc. in
Gtantaneous values of unode- cc,thodr.: v,~ltc'-ge::; f or both Rectigon 
r e c t ifier tubes. Bot h tubes show· "" peak inverse voltage of 
a bout 260 voJ.ts . 'Illi s i s also 'dithln the ,i1anufacturer 1 s ro. ting 
of 375 volts ,, 
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(c) Tii 1.n ;·--cco1"d 23 f,;h0r.;3 the 1;;0.ve .::·')rrn ~nd i.n r_,t.c: . .,t~-::.&n~cus vc.lt1e~·. of 
t.\nOcl(~-cr .. t.lH)c]e ~✓oJ. t~~z;e en trr.er.! .. ) fer t he f'!"on t R.ect:t:.:on ?·lG. ;")-l .. 
:-:.nd c:,node ampere✓ on t r i;ce 10 f c,:-- t!1is sti.r.2e t.1.tbeo 'I'hc ~h.c:.se r"e-
lDtior;~l'ti ~1 i.s t~viU,;nt upon Cn'Glpi:"iri ;,•-:>n of these tr;o trtJ.ces~ 

(f) Fil r:1 r-ecord 2C, trace 11, shows the ,.mve fo1· 1;1 t-.nd ln,.;t1,ntt,neous 
V[.;.luc of load output a:10 condenser vol ts v/hich consists of an 
nl te:.-11r"i ting cor;1ponent cf vol ta.ge ~t1pe:r~i:apcser1 on the direct 
'-"c,ltugeo The avercge voltt.g0 s!yy;,r! i~r: J lC. o? vol t.~t, ~?:i. th a pt:e:!\. 
vcl:.te '/;h.i..cr. i s f)tlcce~sivc1y 1~::06 ~a~d 1]2 "l~)lts (dt:e to tube di s
s:'..!!:ilr~i·:1 t:r) and a valley- bottom va lue of 91.9 volts. The point 
r1.t v.;h:!.c:h the ~rnll f,~y-1'~eitto.m v,: J.lJ.e of condt3nr:cr vol tuge oceurs is 
r;.t: the instf.tn:i ,.~,1 .. 1e n n Rectieon tul')e 1-J8gin:~: t..r:-1 cDnd~1ct. t..11d 

c~h.<trge t.!·te 200 rni c~o.fe.rr;d condenser· , there l)y rui sing its vol t.c.ge. 
The :)t:[..k c:;ndenE.er current i n .fle:v-l occ1.u--s ,;_t thiz in:,tnnt . 
Th.A e <:n1de=1)s~:t cu? .. rent tten st1.b!}id.€-=~ , l1ecowine ~:e::'o E. ~~ t he 
e~J1...tnter-cl.8c~t-1""8r:1c.;ti've i'J~ce o f t ht~ c ondE:rn:~er becor!l~.:s ec:~1.al to 
the t rc~t1sfor 1~!er ~nch.1ced voltage o Thi s event occ tu., s eaeh t i mt~ 
t. l 1r,t the \":ondenser v0Jt1:ige reache s its peak v[;.lue . Alternate 
t.11.bes s1tp~l:r .:-,.6.jLl.e:ent p11.lne!-; of cnrrf?n 't. <:t.nd "'Vo1 tiJ.fe t.c the 
r:c_in,;_e;n :c--f.:!' o.nd 01..1tput, cj_rcu.i t . lt.~rnediaV~ly npon Cf., ssr. t,ic,n o f 
t!~.e tu be Dnd trcn sf orr!!.er to f1.~t.hc:r ehri.:-ee the condf;n ~~c::·, t l1e 
:-?m·rent in t hr:: eondcnser rcversct: ano SUl)plics the l oad wit h o. 
grc.dur,lly climinh~hing condense:c- v:;l t.age und current until the 

· opposite"' tµbe•: permits the· re-'char~e ,_of the,. eondens~r · ag£>.in. 
t.t. this mnme:it, th0 ct:)0,'0 cycle is ngo.in repcc.terl. 

(~) DurL:1g t bf: i'1tnrvt~l t.}1~t t}~:~ r:ondAn~e;" volts..$e if: 1•j~·j np: th~ 
:.1c··~7,;3:t tr<..1.n~5i.'0 rr!lE':r ;;up~l :t is cl~ur-~ine the c.;ondcn~;er ~n~d f11!"
nir-. td.n3 lc~nd curr er! t tc• the ou~,;ut, in ;.;.dclition. D:;:·in,G the 
.L.1 i:orv1.;.l that t hr-: c~ondense r vol t.G.2:e Lf. dPerP8.s ~1 nr_:., t he :)oner 
t:r·•tin~4forn,er ::i1Jt~·~! ly~ 2..s not f1..l.rni.sh~ n g tHIJ .. eno.r r;/ ni. t }1<~r to t..he 
conrlonne~ or the load . During this intervnl the con~0nner 
nnr,_::.<Liei, the Joad with energy. Tho cbove cycl~" of conden:,or
c}·;t,~;,:e-di::;cbo.rsr! o cc1.1rs f ; t trri.c,-i t.!Je .f"rc~11:oncy of t he t,rc.ln s
f orr:1er I ~:;ut ~,upr:1l~r freq ue r1.cy o 

(_h ) 'l'i•.-c,c:e L2 1":10 •11f; 1:.}1e w&ve form Gnd i nstrtn t.',nreou:; vr,lue of c0n
drrnser bI.r1:-iert.::--~ 1 ·.\·Jt}l ncak VD.lur~B o f ?a2;· :~.rnpcres f or tile rec.:~ 
S.8cti:-:,:in t.11:x:: r;,:i , .r--::- c.nc'l 6 . ()J. omr:io!' E:S for t he fro1~t Rcctir•on - ~ , - -
tube N00 I~-./~'" The v a lUGfi of peak. currE!nt f1·()1r. oc .. ch of the 
t u.be~i cliffcr ()n :..1 ~c~Junt 0f .s]: Lsl)tly d1n;;in!iJ.cr t'.ub0 c~1c.rr~ctcr--
::i..0t,J cs ~ J~,~ ~;et fcr7..11 i,n ~10 r "~t•~rir) i.-! 3 0f re f r:~r cnc;:r~ ( ~), t l1e n.::-r! 
t}:.:. ... ,:>y~ v c l t G ;~j'~ on t nho No o B- /~. iG 7 . 0 v0l t[; v1he.~reur.; t .. !-1c va.lue 
f ound en tub>j No • . J-3 vu:cs 5 . O vol ts. Tube 1-.:c, . B-L:. ;-;j_ th t hP- 7 .o 
"J·cd~ t . <.;re 1):r:op t.bs refore hr1s v hisher l ntGr nt:l ::.'esi !:i tnnee than 
t: i_il:>G i'. r;, . .J •• J , t, nd brm <;e l imi t.ed the po::. k pl:, te curn,11 t to a 

3:;:i..l .J 8!" vr.: 1 '.ff: 1; 1.1r· 1 ng thE# conduet:Lng _portj on ::if_ .. it .. $ hr4lf cyele. 
thv.n d ·I/ 1 tt~te ~O o ~J-<' on thn ccrr.:Juetin[ r:-iorti c,n of i t;,; Gf}f l()!·~:ltf: 

f!;·;.]f (:JelG o 



1~~) ;' ::J.;:1 .rcc,:;~d ;: ,,..~, t"!"'-:-,.cQ.1 };. un!.J 1!, 1 ~~=~-~~~.-;_: ~.he ;-,-r,: \'."\; i"c•.~--~;1~ l~-; Gtt~r; f·."d .. A(~c-:.n:1 

--r:;: 1!r:.~~ s- e nd )!~'.:..~;:;(, r 0 .l t.tlt...-it:·:~-~···} ,.Ji" f 11lJ ~:~t -:>"0d;,,;..r/ 'tre-.nnfo: ... ::o:r· ·vc, l t.::,; 
:1nd t i~·,e r:0ndnn iSe:r- r .. t:1)1'?.rt~~, t.o the 2G0 mi c.r.-ofn.rc:d fi l t.cr r~nrJ ~~ to rage 
rennd(~n S0~., I~. e2n be clea11 l ? Deen t~:D t thE; 't~::--r~:-isf~rr~er- h.:;.s con
~;i.(;_-2:!_"'"[Lble ..!.nternc~l ::tr01)c:dc..nce, i~·:7icl···t 5.s ~ndi cr~ ted by the nsa.gn i n 
t ~1P. :.r2.nr~f\:;r:"•1er ;jeeoncI~l .. .J'"' vo.l t,t .. £e as eHch o f the Eect.igon t :.1 bec~ 
>;t?::_:tn tG <~0nd1J_ct r:.nd ch.:.rge the :2.JC) wicr·ofr;:-(1.d filter conJen;:,ero 

(j) Fil.rri :!.·e c~:n"d .3H, -t.rc.r;e~; l 5 and 16, sho-r.-.r the \"-I&Ve forc1, instc..ntc1neotls 
't.:=;lue3 , &nd 1.Jhc.~e rclu.tior:ship of i\:.ll S8(;c-rrHJc,ry t.rnnsforc1er vclts 
rx~1C: tl-~p anode nro)el .. en cf t 1;.r: !'r"ont !{_r;ctigc11 !:-Jo . D-1, . The unadc 
r.1_:rrent in m&de ul·i of tl\~o co!aponAnts, th~.t v1bic:h fl.o·~·;s 5-nto t.he 
:-,-:-,ndt~nso~ ~nd the:. t ,nrt v~·h1cl--= stt~-:i)li c::-:: tbc l0,.-1d 011tru.t circuit. 

(k) Filrn record 3C , t.rcces 3 l~?1d 4, ztve the "/.-:ct"-lf.~ for1!1, instc.:.ntL~nco,1s 
"'J[.;.] up~;, nhd ph<:.;.~>l~ 1~e1~tior:ship of tl1e Joi:.d 0itt.r:ut vol tt!..rrG en(~ 
c 111'I~r"!n t . 1' t)l n;~e "t-he load o~-~t.r,11 t. i s non-indu<~t.ive , both \".;G.vi~ forr:!s 
c.rr.~ 5.den i. j_ CE: 1 o 

10 . 
(F:l ~,-,_;_r e 2 

conden ::;e::.~ input f ilter, inc1uctive l oo.ct 

( c) In : ·able l is zi ven de. t c. on the Mod.el THJ{ type 20018 Hc c tigcn 

( b) 

con :.2·01 c:i rc1-7i t SU!)I>ly rec tifi.er t u.ten ur:dei· cj_rc~li t concli tions 
r.::; t,hovm in Fi?ure 2. Oscillogrnph t r&ce s .showinfi wave for r.is , 
in stein tun(,ous v"l ues, c.nd pha se r elat.ion;-;hi? of the e lee t.rical 
c;ut!ll"!;i t je;:; i nvol·.red c.rc portrc:.yed in corrN;ponding film recor ds 
/4A, 48, 4C, ~A , 5B, 5C, 6A and 6B of Pl~t es 5, 6, 7 nnd 8 . These 
recordi be a 1· sor:ie c1o~3e resembJ.anee to those shm-;n i :1 Ph. tc.::, 1, 
:? t 3 a nd L, i,incc the cir~uj_ t. out _pu. t, contained the only electrical 
c-~l emcnt !N}12.ch vr::..s varied. 

JT~. Jr::: ~-ecord /,A} t races l '"/ nnd 18 s ho\·; the 1)r1~nur .. y input v::,.l tc 
::.ni1)ert~.:-; to t ht~ !""f3Ctifier t~ansforr.1er. 

( c) i,··~ J.m !'e r:o:·cJ /J\ t r s.ce0 19 nnrl 20 show t he 01.Jtp1., t lond ·rol ts nnd 
:,,.rilC!' CD o The loc.d out.r,ut a.mpcr e::; 1w.s l::c.d th, ri.1 terncting 
c::)mponen t ~nr-t.J.y renoved 'by the chokint: &ct.i on of t.lle load in
d11et~.nce a 

( <.! ) F.ilm reco1_ ... r1 /+-C: t r~; ceo ~} <:.nrl 22 shoir,· t he t .. nodc ~i.,:-i f.>e~e~ fol" et;.ch 
of the Hect·l £en rcctj fier tubes . J:.eain r:ote thc.t fron t. ti.1be No . 
H- /1, the ~c1be 'i!.i.t.h ld 6her inter n,il. res.istc.,nce , F>hom:; tl:8 lm1e~;t 
r,ec...k c,1.r ren t . 

( r,) Fi1.rn recor d 5i-., tr[:.ces .2'.; an6 2L;, s hov.' G.node-ct:. t b0de volts on lx>th 
recti f ier tub00~ Together, i'i.lm r ecord:1 /\C o.nd 5A shoiv tha.t the 
Ec:c t.i.gon t 1J 1:';cn .-:..re being o:Jt~ru. t.cd \~·eJ,l v-J l th in their pe&k :.r._-ver!Je 
voltage r~tins of 375 v~lts nnd t heir peak ~node cur rent of 18.8 
/jW ~>cr et,. rnt.h U:c c:ircult, Fi gure 2 , o.c used , which simule.tes 
nor"::iEJ. D!JC:rat1 on, t l10 1)e&k ~node r;u_r r er:ii_.3 r .. re 7.55 ar~iperes for~ 
2cct .i.t::nn :~o~ .J-~3 CtrH1 711'2/i &mperes for Rcctigon f-Io. B-4. 



(f) Ftlm ~JD, tr&cc!:"; 2.5 end 26 sh8H : .. he p~lL~e re1:z..·~.ion:.;hi!) betr;een t l1e 
ti nocle~ct.thodf~ "'JO.l t.~; ,r~.x!d ::11{; <;.n0de Cl.tnpe:--cs o:t· front R.ectigon Noo B- L~o 

Fil!n 5C, trace;.; 27 o.nd 28 35[!in illn.strr-~te the !JhL!Se relationshi :? 
he tween the :.)Utpu t load er concient.>e:- v8l t.r: ~13 co1apured \.Vi tb the 
c:onden ser c1.1rrcn t c 

(h) Film rec01·d 6A, t r e.ces 29 and JO show the _:)h&se rel&tionsh:tp , wave 
form, end instunt.;1neou.s vc::lt1es cf full seconc.iary· t rcnsform.or volts 
c.nd condens er arn~)eres o 

I • ) 
i. l Film r ecord 6B, tre.ces .31 and 32 give a cor.r:.:,cr iscn between f ull 

:,econdc.ry vol t~; of t he rectifier transfor mer versus anode amperes 
on f r ont Rect.igon tube No~ B- /+• 

llo O·Jeration rii t h ci1oke i nput f i lter, non-inductive load 
(Figure 3 of Plate 11 ). 

(a ) Ir; Tt:ibJ.e l i.~) si ·\Ten de. ta on the r~Iodc.l THK t:,r!}e 20018 Rectigon 
control :.:;~,~::i:_:l:,- ci r cuit taken under circuit condi t.ions as shown i n 
Figure .3, '.i:his cir cuit is simih .r to t hat used r;hen r efe r ence (c) 
report <ista vurn obt c.i ned n ith the excer,tion that t he pl 1=.te t ro.ns
fc,rr.1er u sed to obt ain r efer ence ( c) da tc. had suff icient secondary 
vol ~uge a.vniJ.c.ble to exceed the !r,c.nufact m·er 1 s pe r..k inver se 
voltage rating ;-;hen such operati on mm de s ired . In the pre r;ent 
report, subseq-:..ten t oscillogrc:.phi c f ili:1 records 6C, 7J:... , 7B and 7C 
of Plates 9 and 10, wer e ta'.wn ,,i t h the r e c tifi er ci!'cui t s upplied 
by the mcnufnctu1·er. This t ransfo:::-r.1er did not, however, gi ve us 
!c:uch ::,eak inverse vol t c.;ge as the secondl'1ry of t he t r ansf or mer used 
,1hen t he e:xrw:r·:Lment.al du ta we.s obtained for refer ence ( c). The 
~)c&.k inverse vol t.age ,,hi ch 1'1ould h&ve ex i sted for an D.ver age out
put volt.a~e of 110 volts and lin aver age out9ut current of 1.0 ampere 
is clilcul.(i t ed as 475 volts wher e t he manufacturer' s pe&.k i nver se 
voltage retine is 375 volts . This expJ.c.ins the arc b&.ck conditi ons 
encountered in t he tests reported in re.f.'erence (c) whon u:.;ing a 
cholrn in:)Ut type of filter ,•:her e, in order to obtain the avernge 
ant.put conditions of 110 volts at one Clll!)erc, the peak inver se 
volt~ge r&.t:ln;:; of the .Rectigon rectifier t ubes was exceeded, 
b.ence the accompuiy i ng a.re be.ck:, encountered. 

(;)) F'i.lrn recot'd 6C, ::.race 33 shor1s the f ull s econdary transforiner 
voltage. Beneath tlris trccc is tl~t of t r ace 34 shonine t he anode 
t,;:;,peres of f"ont r-'.ectigon Noo B-4. The 1;.ngle of conduction (current 
flovJ) through the t u be is seen to be 180 eleetrical degree:::. 

(c) Tl:e 'ti/We form fo r the unode umperes of rear Eectigon t~o. J-3 is 
not sho·,m, but I:-; si1:1i l1::r to t:m t sht.Y;m in truce 34 except thn t it 
i.s cli:::o::.cced hy 1t:0°" If tho rmcdc cm·rcntc, of both l:ectigons nre 
:>lnccd !:,ogct :·1,,:r :.:ide by side there rc,sult" e vmve forr:i sirnilt:.r to 
tli&t. shmm in Yllm No. 78, trc.cr3 33. 
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curre:it 
( d) 1 n f·.:"~; ~e 3/~ t t·~e ~/CG.k e.node Ai s co;---ret3pcJnc..int_; l::l Lor:'e:i..... thur. in the 

<:t.i. :Je of t he c:) nde ,1=:;or i.n~Jut t :l. l ~.er \vbcrf3 tli1J c(n1G.11ct.i0n r..nglc 
~.- {,;. ;J c:)~)r·.:>✓:.i i.!.U.-. 1-.r.~ly 1/5 eieP. tr: cu.l defY-eC3o 

( e ) F.:l:-r1 t{no 7~~ .. , trD.ce:~ .35 &nti 36 uhoy; the- in1prcuf.;ed vol to.ge ucross 
t.l:e rectifier- tro.n3£"orne!" pri1:i~rJ-·" c.irctri. t. and prirnr~r:/ in111.1t 
r .. !!lpE":reso ?Jote should be mo.de o f the f~bsenr;e of e:~tr-omel:r h.ish 
2en~s nnd to t:'.le sin:i lc.ri t.y of the rectifi0d &node cur1·en t wc.ve 
s ha,:::c' v;i th t.l~e :9r~cmary in::mt current ,"G.Ve form. 

(f) .Film 78, traees 37 and 38 g1ve the v::?..ve fo1·n, instantaneous values, 
1::.rnl phrr!;e relc tionship of the ava:-::,ge loud output vol ts &nd 
c,mpe::-e0~ The ri:rincip&l frec;uency is double the supply f1•e<:uency, 
i.e., 1:0 cycles per second . 

(g) FiJ.m 7C, traces 39 and /,0 give the fulJ. seconda17 tr~nsforr:ier 
volt,; end r:.veruge load outi1ut <-'.mporc0 fer c-::;mpuriscn. 

1;;_·. I·:Gctifier .2.egulc:. tion urn:er various condi U ons. 

(a) r-ii th the rectifier circt1i t opornted c.s f.;hot:n in Figure 2 ni th the:: 
tn,.nsformer prim&ry input vol t.uge held f:-ubst,mti ally const&nt, 
«nd wit.h load output current average the i ndependent vr,r ie.'-"le, 
and loc,d output voltage uvcrage as the de!)P.nden t vurjc.ble , the 
follo·,1inii observ&.tions r;ere r.:ade and recorded: 

Tr &nf.if orwer Pri.n1c.r:;t 
l n imt vol ts __ 

225 0 :, 

,.., ..... , t:: 
,t .. ~.,, ,co.) 

225 
~')t' C 
.,r_f. .. .. J e .) 

22505 
225 
225 
225 
225 
225 
~25 
2~5 
',?r 
,;,." ... ,) 

"'\ r' C:. 
~/...) 
': ,.) ;;: 
;._r _ _,1 

??5 
224 

223 

Rectigon 
Fila. vol ts 

2.20 
II 

II 

II 

2 .18 
1: 

II 

rt 

lf 

II 

II 

It 

I! 

ti 

II 

11 

II 

Out.9ut Lo&d 
__ J_g). ts P. '!!!~ 

118 
114 
113.5 
111.5 
109 
106. 5 
104.5 
10.3 
1.02 
100 
98.5 
97 . 5 
95.5 
91,.5 
93.0 
92.0 
90.5 
89.0 
88.0 

Output Lol-ld 
fl..1nnere_~_ .t~ .. v:~~ 
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'.).2 
0 ./4 
0 .6 
0.8 
1.0 
1.2 
1 • .'3 
l.L 
L5 
1.6 
1.7 
1.8 
1.9 
2 . 0 
2 . J 

2 •'l· 
2. 5 



(h) titl1 tho rec~ifier circuit oper~tod fis shoun in Figure 2, with 
the loud 01.ttput cur?·ent average us tht1 ind.el)cndent vuric;.bl e, 
the trt.nsforner s0conciLr y , vol. t s Il. L'l ofi. und the lo,sd out:,ut ,,olts 
avernge as t he cie?endent variables, the folloDing ohservutions 
~ere cade and recorded: 

Lol.d Load 
Transfor1:1er Pee:}~ Invr:irse Fih .• Volts Out:::mt Outf)ut 
Vo J. t,g - HJ. Volt:.; on on volts arJ~)er es 
of __ ~econdc:.ry '.tectiyons _ _ Rect:i.;:Tons Aver~ge J.;..ve1'& f."'e 

19905 ,-, c, ,., 
,:.,o;:. ~o26 116.2 l.O 

.207 293 2,>.30 122 1.0 
212 ~2 300 2.114 126.5 LO 
219 310 2.50 131.8 1.0 
,.,,.,,.. 
~4': I 321 2.60 138 1.0 

~r235 333 2.69 11,4 1.0 
230.5 --,,-,,:: 

., /. <) 2.66 137.8 1.5 
229 324 2066 131 2 . 0 

;,;ianufc-ct urer 's R&t ecl Pen:C Inverse Volts on Eectigon = 375 . 

➔~ Voltnge of Primary &nd Secondary not increased fur ther due 
to the fact that the nectigon filament supply is from this 
t.rc,nsformer. The Rectigon filament i s rated at 2 . 2 volts. 
Under the above condition the Recti E;on tube{; end associo.ted 
cirr:uit functioned in a satisfactory manner despi t e the f l:.ct 
t hat the ? eak i nverse voltage on the tubes hul been incree.sed 
by 2Je8%. If t he manufacturer's rated value is taken the 
mrcr gin of safe operation on peak inverse voltage is 39.4%. 

13. 
referred 
only half 

The equivalent resistance and rec.ctance of t he t ransformer, 
to the secondary, vw.s measured under the condition of using 
of the secondary ,•;i nding and are given below: 

Equivc1lent R.e s i.stc.nce to Second.:.;ry = 2.5 ohns. 

Equivnlcrit Re1:etc:1nce t o Sec-oncfary 1.9 ohms . 

~:qul v&leH t lmpedt:nee to ~ccondary J.1 ohms. 

11, o Ptec t i gon r ectifiers type S-2$91;16- D v,ere used in the sub-
j ec 7.. r·ecUner. The 3 tarting and arc-drop volt.ages, taken f rom 
reference (c) , are ns follows: 

Nnmer i ccl 
Desl~natton 

B-4 

J-3 

Stc1rting 
Vol tei..!e 

12.7 

Arc·-Drop 
Volta~e 
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150 Analysis of losses in t he various circuit eleineutr; of the 
rectifier a s s}10Ym in f i gure :2, u s in? c. 200 1a:icrofi1rr;c. ::;t1e,othing 
cc.pc.citor, and an inductive output loc..d, ~re ~s follows: 

_J\j._t_hin uccur&_gy: of 

Trc.n8.former, I ron, ecti uated......... . ....... 12 + 2o;i 

Tr&n::;fori1e~ Co~1Jer, c£J.i.culated ....•.. . •. . .. •• + 5% 

Recti~on ?ube fil&ments , 2 tubes....... . ..... 85 + 1/2 of l"' ;:, 

Rectigon T11.be Arc Drop............ ....... .... 12 + 5% 

Filter Inductive Re11cta.nce, estimuted..... •• • 1 

Filter ca9acitor, necligible •• ••.•.••••••. •• • 

Ji_1 t pt~.t load Expenditure, 1~. C . .... .. •.•..•...• 11 + 20% 

Gut put lottd D:~1enditure , D.C •.•..... .• •.•.... 111 + 1/2 of 1% 

Gscillogrc;ph current elcmen ts in c ircuit.... . ,;;, 

:~iN:sured Hee tifier Trc..nsforner Input......... 259 ,;e.tts 

J~erall Efficiency= 
111 
259 

+ 1/2 of 1% 

+ 1/2 of 1% 

In computing the transforr.:ier losf;cn, the !,.C. mitts expenditure in 
the output load ci~·cui t, and the loss through the tube arc drop, the 
calculations were bo.sed on the e;dsting r,ave forms encountered in the 
circuit. 

16. Per cent ripple cnn be expre::isecl in i:. nnnber of v:sys. If 
the definition of :)er cent ripple i::; t&k·en us the rctio of penk to 
vall ey bot t-:im of the alternu ting vol tc.ge to tbc r~ver i:ge vol t.::.ge cxpresf;ed 
in :;:ier cent, t hen the value obtdncd. from Figure 2 circuit operation is 
found to be as follons, v;hen e.ctu&l vnlues ere t<:,1-::on from Film No. 4B, 
trace 19. 

Peak of Al t ern&tinG Voltage 

Valley bottom alte1·11ating 

133.6 

voltage 89 . 2 

i~vf;rr:.ge Ou.tput ·vol tagc 110.9 

?ipple ::: 
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iio1'10ver, if the defi ni tion of percent ripple is taken as the r atio of 
the ef fective v.:.,.luc of the rip:)le vcltc.~e to U!e aver0.ge vc.lue of total 
volt,lLgo, expressed. in per cent, then the value obtained from Figure 2 
ci!"cui t opere.tion is found to be as follo'.':s, v:hen G.ctm,.l v.s.lucs are 
ts.ken from Film No. /4B, tra ce 19 . 

R.M. S. Value of Ripple Voltage 

Average valu e of total vol t&ge 

Ripple== 

CONCLUSICJHS 

16.2 
110.9 

16 . 2 (celculuted f r om vmve fo::.•m) 

110.9 

17. The Re c ti i on tubes used in the !:foe.el TBK r odio transni t ter 
rectifier unit c.re beinE operated i;ithin their r ati ng of pe.::ik current 
tind pcuk inverse vol tuge o 

18 . The Rectigon tubes are electrically and 1:;iechani cally sa tis-
ff;.ctory for use in t he subject Nav"'-1 equipment with &n ample factor of 
saf ety. Ho·,1ever, the l i fe expectn t i on is not c.p t to be greu tly in 
excess of 1000 hours which means tube replc.ceoent approximately every 
six weeks, if continuous operc.tion exists. 

19. The Rectigon tubes represent a makeshift applic.s.tion of a 
tube design already existing, and therefore do not represent the most 
efficien t type of tube for thi s circuit, from the standpoint of fil ament 
energy consm1ption, voltage and current ratings, life expectati on , and 
overdl efficiency for continuous operation at l i ght load and run load. 

20 . ':he spo.ce requirements of the Rcctigon circuit l:.nd its 
; .1,:,i ght <I.re consium~ed exces s i ve for t he m:iount of power output. 
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