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SBSIBACT

is problem provides for rosoarch to yiold worc cifectivo submorged
racoptien, the proaent phase rolaiing to the attainment of tho best encrgy

k-] Tdemm 3

transfer from tao colloctiang loop L ihe yocciver., TVoricus goupiing

TR e

eyailablc to the sérvito havo tom studied. Yalle tho study cf coupilings
1= the primo considaration. 1t was found dosirabdls to include tho liwitu-
tigua of the warious couplars aund tholr uscfulnces to the Favy,,

The Mare I=iand Couwpling Units wore dceizrod to Do used with Lbo GFH
$6097 docps, DX TLoov surics, and the PAK Recciver Scrics, Funcsionslly, tho
anite couple the loweinductenecc iuip antanmc to tho RAK Recolwor Antcnna
input, over 2 momimdl froquency range of 15 ‘o 3b Kilugyolne. Tho Jewplizg
Unita oach contaih & atcp~up trensformar sit' 1ts sacogdary tunss to tho
d-sirsd frogucncy by & varisble capscitcr. %us simal is then amplificd

threugh 8 pcontodc tabe ard eADlrd inta ihe antonRé dupel ¢f ihc BAY Rocolveor.

ol B e

Fup two Mare isiasd SoupliTs wore tosted ai WRL undor ahi~ided room
eorAitionz. Analveis indicated that both units ars eipilar olactrieally,
tut do not cevor the ssmo froguoncy TARES. Tnn olaetrical foats indicateod
that the ovVOorall PETISTBARCE was BUL o8 wns =a whe Lyati vning the wA
fiusling Tott (MW 47787) with the CHM 86087 loop, and merc inferior wban

eompared $o tho now syst= using this loop with an taput trap+ " omer in &
madd ficd Modot RAE Reccivor (Bafer-nce 3.

WM-shanically, both Xarc isiand Coupiiag Uniis bavs feults thed shamid
be romadiod. Tho promcat comdition of those units 1s vnsatisfactory for
Faval usc.

7

N This rcport cemtmizna ol ~atrieal and mechanical informatiom, such ag,

e

a:nsttivity serparizons of variows coupling mcthods, oporating characicristics,

ans moshani e} and rYoatricel rateg;t_-nadlticm_
#
™M1c semart aless contalne cepments on & iobter, "Resvits of Submorzed
Rocopiiva Tosts®, that enaparce two lonp positions and the Mare Island and
O 47367 Coupling Vnit (Bofercaco 4).

BExiRbvins
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LZ1ROICIICN

1, This rcnort deplcis thosrclative offictcncy of scvorak loop impat
sircuilz whish are, or havs hoon, nand for submerzed rocoption, Thie
12212ds2: ks nldor RA 5OO85 Counling Talt, usod with tho loop tulton from
the Modol IQ diroction findor; tho Type &M 66097 Tuop, used with the
soecalilod Maro laland Coupitng Unie; tho Type M 66097 Locp and GIM
47457 Coupling Unit; 2znd tho boud/ Toop with ¥R irmsfomlT irmmt diroet
to tho »rid of the first woeolver tubg, with gangoed tuning by the racceiver
a1 emmagitar. The Moadoel 2AK recolver was ugod for all, Tho Kaure
Taland units orc presumcd to ©S war-proutsod omer-ency unita to moct a

i7 ruciwesvd &5 T30 mwanl e waa & FAsulL of tha

them vafiliicd =

roquost of rofcronco (2). Tost proccdurcs outlined thoreln were nodificd,
But tho shipbosrd test conductod By Gomsublani compnrid tho G 47367 Urit
an® ¢ho Mara Taland Couplinz Tudt construciod by USH USL, Docoober 1944,
aftor whieh theso units wors ghipped to HRL in Decewbor-1945, Tor Laboralory
tosts. The roport on theso shipboard tests (Roference 4) was rccelved ad
YOI dn Hapsh 1GL4, .

1)
]
[}
!

3,  The twe Hare Telsol usite 4o x

not havao ¢

numbors, Fei this reason, letier 1dmeificnticn will be given to cach in
this romort, Tho unit censiructoli ny j3E UYL, Decombsr 1944, will be enlled
Crit A. e unit manwfactured by F.7.M.I, wiil be ealled Unit B, Yor
further clarification, s2o plated & vo 8 inclusivve Thils thozo owpling
unite wors not Acsigned to moot Revy especifications and 1% Apocsrs VANTCCSSATY
ta place thoa in production, they are discussed at soma leagth heraia s
safyrm the Burcau rogrrddng onnagos suyuiawi 3V sodesllm ta an~rificaliions

wero reawdred.

BLYCTEIGAL AMALYSIS

3 A1l olcetrical investimmtlons remortod on haorein were norfemed on tho

crunling vaits with the locp 4n mis, Pocaugo of simmliclty snd ermyonioneD,
ihe aly ncastreecnts were neafarrad te aoa valor nomguraments, If Sav
invowrioaticns Bnd Boe annmiat A with the losn in soa wator, it is Tiicvod
that rasulis obtainod wruld have hecn rolatively similar tn the NS ST e

amlian LBm
=

monte obtainod in air, For thuis pRige oF zhe Problem, o lavoatloealsh &
a0d cancorned with: tho mads of caienns rucspiion but rather with th: =so~
fulnons of cnu cowplinT systom ne ssanared to another.

tvns dagiznstions or serial

« 'Y

=l

4, Oporationsl saalvsis indicatod ihat woth ¥ars Islaad Cowplinz Tnlic

parform clectrieally tho sane, Tho ovarall seasitivity of the combinetion
af TAR Hocoiver, Tont 47887 Unvmlisg Tnit, and S 66097 Lonp wag moasured
in & ghicldsd ToAE IOF BOE ORiXV 1weny U 1% t- W& ¥ilnawnles. The poasures
aents wore zadp i a stamndard cutput of § miliivatis intc 600 ohas, Witk &
20 4p =tmalete-ncizo ratlo. o Bogemceaticn Control on tho Pecolvye: was
adjusved Yo Stawndard Oscillation. & signal semewster fed 2 prenoriy
torminatnd transaission iiso, Tha resultant ficld eacrzizod tho Locp. The
lincz corstants having boot experincnimily detpreined, tho laduced ficll
stromsth in spage =t tha larp coaiol, snd tko ladased voltuvwe in ths loop

waro cumpebad,

ok . L=
Lopf) o) =%

o btk i o o 2R e L it WS D A | i



5., The sensitivity of the overall sretam (CiM 66097 Loop, Mary lsiand
Coupling Ynit B, and R&¥ Réceiver) varied from 163 microvilts per motir at
15 Kilocyclos te 7¢ microvolis per meter at 30 Kilocysles. .3t 25 XKilocycles
the sensitivity value was 102 microvults per meter {Reforonse Plate 1.

The ovorall sensitivity using the Gii-47367 Coupling Uni¢ varied from 38
microvolts por meter at Ab Xilocveles to 21 microvolts wer motor at 20
Kilocvelos, The ovorall geneltivity using the modifiod Hodol RAK Rgcelvor

variad from 12.2

{incorporating Kb transfoimer Gosign, iwicaidndd 3,
miernvolts per neter at 15 Kilocvcles to 8,2 microvelts ner notor at 25
¥ilecvclos. These data indicate that the prosont standard M 66097

avaton, usin: tho CIM-47367 Coupling Unit, le abeut 1% doeibols 8 15
¥1loeveios and nhoui & ewiabels ot I Yilasunlasa haottsw fhian the sysbon

usin~ thc karc Island Ceuplins Units, Then the crrmariscn is earriod
further, it .is found that the PRL peaposod systom using the nedifiod Modol
RAY Pocoiver and GIM 66097 Lorp is Aheus 33 decibols At 1% Kildeyclos and
absut 21 docibols at 25 Kiloeyelss botlor tiian the systom usiny the Mare
Island Gounlinz Units. Proposod in reforanco (3), this syston medifico~

tion is vnd-retond to be in nrocess of adentinn,

S vh wiid B Sl AR 3 Y IR TRT R SRR

5. For muwmoscs of further comparisen, rowound Mnedel DO Leap, of hishor
Q vaiuc than a standard DO Loop, wes nsed with the iare Island Coupling
Tait B end the RA-50085 Coupling Unit (Reforence 5). The usa of the 0
Lo-~p imnroved the oversll porfornmance of the Yare Island Coupling Unit B
by apnroxinatoly Tive declbels, Uoins ths PO Taen with tho RA-SODRS

: Gnupling Unit, the ovorall porformainco Was abrut three deeibels short of
bein~ as ood ag tho FRL medified FAE Reeciver, Tae rubput of the RA-50
Coupling Vall ves Vhun intreiuccd d4rcatly inte the firat radin fronuaney
aomlifior ~rid of the RAK Rocolver, The result obtainhld in overall por—
fornanca wns nasrly 2s good as the F¥EL Hedified RAX Nepeiver with the

CMY 36097 loap (Referonce Plate 1), Howover, this rowinnd DO loop, whilo
egsontinlly metching the inductance of a I loep, is béitoved to have a
dofinitoly superinr &, Unfeortunately, ne Madol IR lo~p was availaulo for
craoarison, The uss of a DQ lanp miizht very presidly have raised the o)

Ta~r eurvas of Plate I by a factor of two, or 6 decibels.

RE T
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7. This Laboratory hag found it difficult to cvaluate the wariimc succoss
in using. meinorned recopiion in the ¥Fleot, Adcquaiy officinl roperiz hawe
not baon found, HMest uncffieial comnants indicnta that little uso vas nade
of undervater io~p racapbion, larfoly bocause the renscy attainad woro
quito innaaguatd, The roussus Sivoa Sor tols lack ef succose arn ANy,
ransing fron lack of understarding of the requircnontc for submerzod
rocontinn to condliiirns such as wers found on the Conzey, rrforsnce (6),
who sucossive lonath of eoaxial cable from tho courling unit to the

o 3.
WV wisy

S e & o e alEee 8BlWa mam=leiae Smeaed - o . - r
TELEIVUT Pruvsiben ivelilbvens wos TOSIITIT 5F=S dpotd Snd ben’eennrt ol

wezk gicnaly noar & high powsr.station, It apmoars that the genoral lovel
of porformence atteined in snbtrorsed rocontinn han been consistontly porr,
ernparcd to the bost that comrutatinn and exnerinent offor, *hatevor tho
causos havo beonm it is undrubtedly pessidle tn improve cond? tirng by careful
rvarhav), of cxisting installationg and.adoguate training ~f tha now nors -nnol

iavnlviki,
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8. Thc .‘r&i’ééi ﬁﬁd\;ﬁ_nn Flate 1 indicate that neither Mare Island Cowpling
Urlt bss a fPequongy saiio of 15 Yo 35 Kilrcycles. Unit & froquency
covorazs lles botwecn 185 and 28 Yilnsvele- - ~ Untt ® Beivwoss 1D and 33
Eilogyelea, ; :

¥, A preli
nafs using

o

stigatire of ¢

inv
nler in & syntem simisac

rutput of Unit B wae introduced into the antenna imput of a standard
RAK Pocoivan, The (O 68087 ldrp wns longoly couplod 4o the oulpdt of &
siime} somogeber zet st 8 freguaner trnable by the roupler end N5 roczivor.
Ay §n4 values of main, the Ooupling Unit B scomed to aperate normally,
Al Mohor veines nf zain, the syntem bdecamo unetadlo and wncontrrllable,
RandYustaont of the roceiver or tho couplor tuning eontrols did not romedy
thic condition. Riysdfustnont to K Jower value of znin setiing was necosyery
to rostare initial oonirel, Therbfrro, incremsisg ths voltaze on the
scroon of the erpiifior tube (incroasin.scnsitivity centrol) caused the
bare Island Crupling Unit B to necillato, Thie inetability probably
resulted mainly frow the wiring layout which caused plaio output cncrsy.
to e fud back Ui e rid input threough cxcessiTs Trid Yo plaie stray
canacitance (Rofarenco Flates 2, & to 8). Tnth units (the Mare Island
Cowpling Unit P amd tho RAX Recolver) arc anrmilly independamtly tuned to
the samo frequenicy. locause frec and sclf-euntainod oscillations tonk:
nlico in tho erupliss unit at hizher ~aln sobiines, the nlate impodancy
#rg varied by detuming the rocotver F s iable froquoncy ranize,
This rccotver dotuning was conductod bacAnmn 4t wae honad that tha Q::c"!{}lf:
i-ns wruid cease, Hnwover, the detuninz wag carrizd ~n to a froguoncjy
where it was Bollevoi that a stynng imput sional at the loep resonmnt
froquency wrulé hame bew still audidle mt the output of the roceiver,
Thls “prcedarc Gid not etop tho self-gustoined nscillations of the coupler,
The fact that tats detunint was £roat enough to destiny the songitivity
af the srsten and hit tho cseillations had nnt tersinated indicated that
the olectric eoupling hetwssz the ~rid and plato elagtrndes of tho tube
was oxcosaive. Tho ammunt of dotunin: nassesary ¢o atap ngeillatirzs of
noelronlt dspends woem 52 Gu of the Sudbc aad the canacilance beiwoun
7rid aad plate elsgtrodes. This imnlics that if ths electric coupling wors
roduced, lesz detuning of tho roceiver would have besn necessary to stop
osciilation, However, tho olectric crupliar sh~uld have bdoen kept to
A nininus eo that solf-sustained msciXlattans in tho crupling unit wenid
havo becn imposeibtle, For identical conditions of equinment arran;onent,
the Coupling Unit A did net oseillabe with hisk aain, presumably bocaugo
tho carolossly denc wiring was not vabled {Roforence Platcs 2 to 5), This
indicated that ~Urupiing Unit B vyrbEDiv WHuid nat hava neatllatod 19

nrocautinne wers taken in the cabling,

Y

rec

7255‘.\‘5?.&332 gmgﬁ, _ﬁ‘ 2“‘ *‘ﬁa iﬁi Wﬁ

10, VYhon attempts woro mada to wire elther Mare Island Coupling Untt inte
workiag order, diffisuilty wae enocountered, Tha powor for the Coupling
Units is obtainod £7oG ths BAX Receiver teruinals or Power Paik torpinals,
and oo provisicas were =ads in olthor wis for e pover cable, I tho

[N
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coupling unit had to be {nstalisd in the Flest, appronriate holesg in the
Raceiver or Power Pack wouid . ave to bo made by the radio tockniciam,

11, The Coupling Vnit 4 1a cumbarsomo, Insuffisiosnt tavught wag apnlied
to mochanieal dssizn, Tho RAX antenna invut cadle continuously unfastencd
from its mounting sztandoff insulator in the OJoupling Unit upon handlinz nf

12, Veither of the Coupling Units has nrovisicng fnr mountingz, Hols
would have to be drilled in the barz of the caninet when installed

MECAANICAL INSPRCTICH OF COUPLIWY UNIT A

vndesirablo fostures iu Lhn degizn {hat did net conform with tho standards
cxpectod in naval squipment, Fop example, the disl plato of the variabls
canaciter should have Leen provided with a clamp to prevent accidontal

change of setting (Rofsrance Plates 3 to 5 inclusive); tho contrals should
hava boon labaled tn properly identifr them as to their fundtion: 1t

would have been desireble to <nclode mountin: bracizets to facilitate installa-
ticn and maintenance: Imurlod captive thumb screws to sccure cnassig to
cabinct would have been suporior to the use of splf tapning screws: ecabla
enmmoctions $o $ho wildi slivuid hmve been made through proper jacks and plugzs,
and a tube clamp assembled to the chassls for the 6C6-0¢. tube. Purther,

the ciscirical wiring should have been such that 811 commenonts wanld bao.
T2ih placed om &piroved Tunzus pronf terminal boards and properly nurker
dosicnated for immediasa idantifiention with ns marc $han fhrce conneciinna
rade «¢ 2 tovmingl. The wiring lead lengths shruld have beon long onaugh

80 that no 1284 would havs baen excsssively long rermitting = possidble
sourcc of addod couplinz, or too short, allewing 4bress to oxist in the
load, The method of grounding componints and circuit points should have
been mads dircetly to tha chassis ip the shortosgt praciicatle distance, and
the goldering of all components and ell cloctricel circuit lgads te terminnls
sbhould have besa such ag to insura the slectrical commaetion by waking ag
loast two turms ssound the torminal beforo the anplication nf the solder.
Purther, tho transformsr should hewe incorporated a rust nrenf ghiold te

safa qunrd agminst nhysical injury and stray fleld coupling,

13. Uporn inspection of thig unit, it wag ohmarved that thors W50 numerous

HECHARTCAL, INSPECTION OF COUPLIVG UNIT B

i4. Urou inspecti-am of thie unit, it was discovercd that thore wore undcegir-
ablo features in the dosign of » faturc simédar o Unit 4 bt lazg RURSTTS

Ehat 454 2ot CoXfhim wiibh tie stvanaards exvec{ed in naval ocquipment,. Those
Are, bricfly, the methnds of groumfing cirouit points and comn.nonte, the

use of solf tapring screws tn gecure chnssis io cabine$, tho undesimmated
cormonents, not mounted on aprroved torainal boards for immedinte eireuit
identificatien, the absence nf a tube clanmp for tho 6J7 tubo and tho ouissinn
of zuitable brackets attached to the cabinot ¢o facilitate installation and
maintonance, Further, it would have boen desiravle 1 tho dosisn nf the
regonating capacitor was such as to minimizo the rozeibvle nhyaisal damaze

i the raior plates that ecouid occur vhen tho dial 15 cet en 100 divistrus
and the chassis ie romoved from the catinet, '

RESTRICTED e
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15, Roforence 4, dinted 11 August 13485, was recolved by the Heceilvor $ection
of YRL on 18 March [[348.

16, Tho lett tion with the Mare Island desian (Unit &)
WA Covnling Unit oM 473687, on USS Crneap,

[
‘B
r
[ !:‘
b3
b
l
W ,3

17. An=lysie of thc data obtained from this lotter indicites that the
cpcrators weas cornfronted with d4ffs mluns in obdtainins thn correet infrymn-
tion. <Ths sapnoriing data were pot sufficient o meko an sécuraio sludy of
tho asrmasiasn of the twn srunling mothods cawleved in tho tosts. Too many
variables were cranged ainultanmusly. g0 that a nurber »f the readings

talken woro uscloss. The remaingor of the data fro mol vory an—arent, Yul
with carcful strdy, it could be intorsrotod thaz the Crupling Unit ORM 47367
had haon nare eiocessfal than tha Marg Iziand Coupling Unit. ‘his con~lusirn
confrrms with “ho findings cf this renort,

OFeLUSionsS

18, Tt {g soncludad, btoth from a standpnint ~f electrical norformance and
neehnnical constiucti~n, that the Marc Islqz.d. Couslins Unlts aro unratis-
factory for Haval wsc.

19, Phe clcetrienl desizn of itho Mare Island Coupiing Units should have
vasn gush tha™ the cirenit would sacups mere afficiont utilization ~f the

sirnal niskod 3w fmam tha antarna avetam Lo ofeicor tha aimal~teonnian ratin
ng larr.e 18 poniblo. Tho dcsign of tho amlifi or should have beon such that
it would Arve LOAR A _-‘ﬂ!,ﬂ_l ag or dottor ¢ : tha PAY Doecaiwesy first ondls
froquonay amplifier. Howovor, the RAX Recolver soneitivity is hich ennuch
s» that tho sigpai-to-nriss ratio is the limiting factor and not tha zalng

tho a6ditionnl ammitfiar in tho Coupling Unit is suporflurus,

el ay 2tim
20, Freb the reevlss of the dats shrwn e Plato 1, 4t Lo ecneciwded thap
the Mavy had & godd syetca of coupling laop sntomnee to BAX Regelvorn
{Ecforoncs ?ar&zn‘ph &) Hawgver, tne sEL #0dificd RAX Rocciveor (Dofcoremco
3) hs advantazos over g simmMeity, olimineflicn nf

. How o 2
this systam, Thess ors =
t

[}
cest for a cr\mnn unit, amd the rsductlon in the numbor nf controls for
she rmdin nperator, Agide from those the DML medifiod desimm cousorves

n
neof > wpace im ths radlo rorm of w subasziuo,

1, That the unlte conisia dracksts for mounting.

ta ha mountad on terminal brards and nroperly

2, That all eomronanta
fop imncaiate Ldastificatien.

an
gumhey desimated
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3. That the wiring de properly cabled and o color code wiring sputem
oe used in the cirouit.

4, That captive thuwd screws be usod to secure chessis in cabinet,

6. That Couplizz Unit & have incorporatea with the variable capaciter
&i51 plaie a elamn % 7w

ot pooidoniel shansa af agtbiye,

6., That all contrels of Coupling Unit & be properly lambelsh 2s to
furction,

?. Thei Navy apoioved suha o.amps Do used with the amplifior tubes,
8, That lounling Wnit 4 have jacks incoimorated {or incomling eablas,

9, That all lead longths and soldered mannections be properly made to
prevent electrical failure due %c scchanical vibraiione

10, That instructions 23 %o theery, operation and maintensnce o Vi
supplied with the unlte. /

11, Ttes.8 direci erovnd aystem be ussed in ithe i

12, That a shield be used with the tranaformers to prevent stray field
coupling and mactanical damagze.

13. That all netel and bakelite te troated sgainst moisturc and funsue

erowth,
14, That ths Covplinz Unit B resonatiag copacitor be protocisd miainst
damaze when chagcis is not emclosed in cebinet.
(b)) ®r..evinal
!
1. That 3he amplifier wirinz bo cabled to keep the avid to plate capaci~ i
toxes At a minimum,
2. ‘fmat the amplifior by-pass condensers bo soldsred dircctly at tube
sacket luze.
3. That the amplifier circuli ve redesi:mad for optisws siinal-to-nolss
ratio porformance,
4, That the trensforncr bo redesigncd for & zreater coefficlient of
coupling,
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