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ABSTRACT

TH1S REPORT COVERS WORK PERFORMED tN CONNECTION WITH
PHASE TT AS DEFINED IN PART T ~ PURPOSE,

THE END OF THE PERIOD COVERED APPROXIMATELY COINCIDES
WITH THE COMPLETION OF THIS PHASE, MAKING THIS REPORT
IN EFFECT A COMPLETION REPORT OF PHASE 1T,

PART T, SECTION 3 — DETA!L FACTIJAL DATA HAS BEEN SUB.
DIVIDED INTO ELEVEN SEPARATE INVESTIGATIONS, EACH
COVERING A SPECIFIC CHARACTERIST!C OF THE MATERIALS FOR
WHICH DATA WAS REQUIRED IN ORDER TO ACCOMPLISH PHASE 111,

THE VARIOUS INVESTIGATIONS ARE LISTED IN PART I, SECTION 3,
{PAGE A OF THIS REPORT), THE HMETHODS AND RESULTS OF THESE
INVESTIGATIONS ARE DESCRIBED AND SHOWN {N SUBSEQUENT PAGES
N THAT SECTION,

PHOTOGRAPHS OF THE EOUIPMé&T USED ARE INCLUDED AS APPENDIX
"Bll
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- | PART T
s | SECTION T
Qé PURPOSE

Ri

THE AIMS AND PURPOSES OF THIS WORK ARE AS FOLLOWS:

PHASE T. TO COLLECT AND ANALYZE EXISTING INFORMATION REGARDING THE
‘ PROPERTIES OF FLUOROCARBON GASES AND/OR L1QUIDS AND/OR
OTHER RECENTLY DEVELOPED APPLICABLE GASES AND OTHER INORGANIC
MATERIALS,PARTICULARLY AS TO THEIR USAGE IN MAGNETIC PARTS
AT ELEVATED TEMPERATURES IN PRESSURIZED CONTAINERS.

PHASE TT. TO INVESTIGATE AND TEST THE GASES AND/OR LIQUIDS AND OTHER
MATERIALS APPEARING TO OFFER .THE GREATEST PROMISE AS DETERMINED
8Y EVALUATION OF THE DATA OBTAINED IN PHASE I, INCLUDING THEIR
COMPATIBILITY WITH ONE ANOTHER AND WiTH OTHER MATER!IALS USED (N

_ MANUFACTURE OF MAGNETIC PARTS,

PHASE T1T. DESIGN, CONSTRUCT AND SUBMIT TO BUREAU OF SHIPS SIX SAMPLES OF
EACH OF FIVE TYPES OF MAGNETIC PARTS, USING THE ‘MATERIALS
i SELECTED AS RESULT OF PHASES T & IT.

PHASE TV, (TO BE UNDERTAKEN ONLY AFTER APPROVAL BY BUREAU OF SHIPS OF THE
"WORK OF PHASE I,IT, & III) PRODUCTION, USING PRODUCTION TECHNIQUES
; OF TWELVE UNITS OF EACH OF THE FINAL DESIGN.
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. ' Spueaon 3

DETAIL FACTUAL DATA

INTRODUC TION

=

The data presented in the following pages is divided into twelve sopurate
topicso Graphs tables and pictures are used to illustrate and amplify the written
material.

T L e

" This querterly report period fortunately coincides withithe oonclusien of

" Phase II activity in the projeot. It is thuas possible to present completed work
; in all of the topios covered whereaz some previous quarterly reports were, in
offect, progresa reportse

Iwo main objectives in Fhase II are:

Lo The geleotion of the most generally suiteble fluorochemical liquids end
£88030

Bo The obtaining of data establishing the particular design parsmeters in=
troduced by the use of fluorochemicel dielectrics with an eye to both
advanteges and limitations.

The work undertaken end reported below wes in fullfilment of the obove obju:-
b tives. The topios are listed ae follows:

Ao Powoer Factor and Dielectrio Constant Data Acoumulatede

Bo Results of Thermal Stability on Fluorochemical Liquids.

Co Corona Level and Breakdown Strength of Gaseoue Fluoroohemicals.
D, Purification of Fluorcchemical Licuidse

Eo Compatibility Testing of Commonly Used High Tamperature Tronsformer
Conastruotion Materials with Fluorochemical Liquide.

Fo Selootion of Moat Suiteble Liguid for Power Trensformers on the Bagis
of Pressure Charaoteristicso

Go Selection of Proper Liquic for e Given Set of Operating Conditions.

Ho Use of Sulphur Hexafluoride at Reduced Pressures in the Expansion Spsco
of Fluorochemical Filled Transformers.

I, Thormal Runs with Resistor Heat Sourse.

Jo Physical snd Eleoctrical Characteristiocs of Seleoted Fluoroohsmicalse
Ko Plastioized Teflon as a Tcrminal Material .

Graphs and tables will be shm‘in the text, photographs in sppendix B.

Following the deteiled presentotion of the twelve topics; a summary and o«
clusion will be presented based on the Fhase II objectives stated above.

&'6"




PART I
Ssotion 3 (Comt'd)

DETAIL FACTUAL DATA

INVESTIGATION &

DIELECTRIC CONSTANT AND PO‘a;JER FACTOR TBASUREMENTS ON FLUORO-
CHEMICAL LIQUIDS AT ROOM TEMPERATURE,

Subjeoct measurements were taken on & General Radio 718-C Schering

%ieze ond apsociated equipment {oscillator, amplifier, indiocator etc,) Readings
in2t soken abt frequencies of 50wy 100, , 400,., 1 XKC, 10 EC and 100 KC,

In ordér to minimize inecouracies irherent in the direct reading

523 ald measurements woere takon using the substltution methed, The step<by-
o arocedure was as followes

do

Bo

6o

7o

C gt o ) .
TS SRR . - . e A

219 bridge was set up as describsd on page four of the opsrating instructiocas,
\ variable eir oapacitor (BO~#f- 100044¥) was used as an oxternel balancing
aapacitor,

~ap bridge wes energized and balanced with the unknown leads removed. In this
srlginel halanoe, the balencing capecity was sol at such a value a8 to nake &
w’vimoc ooour with approximsiely. 1000.¢.«/’ on the internal bridge capecitor.
his bridge capacitor reeding wae reserded as Coo

lroré leads were added o tho bridge, The low lepd was connected to one set of
wlates of o Cerdwell alrecapacitor, The high lead was allowsd to rest in the
voproximete positicon of use, but no connection was made to the other set of air
ngpacitor plates, The bridge was rebalanced by adjustment of the intornal bridge
nopaoitor and dissipation diel, This bridge capacitor reading was denoted as

('go Then Cp - Cg equals lead cepacity,

2o high lead (ungrounded) was then connocted to the air capscitor platss and |
%he bridge rebalancsd, The bridge capacity was denoted as Ca, Then Cp = Cf = CF
vquals Ca, where Cy equales ocspacity of air osmpaciter, The bridge dissipation
daial reading was recorded as Dp,

Step four was repeated with samplo materiel ss dieleotric, O, was obtained, Dis-
slpation dial reading was recorded as Dg, :

¥ equals g,’.‘...
]

Dx equals (f"""’) (DmeB)

* TE""-» iy a mul’ciplier factor where £ equals test frequency and fo equals
[

bridge wultiplier setting.
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§. .. block disgrem of the tast ocirouit is shown on FDP-49 (p © )

. The tebulated results are shown on FDP1 {(p 10

9. The equipment used is illustreted in FDP-10 {sppsndix B)
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PART I
SECTION 3 (Cont®d)

]

BETAIL FACTUAL DAZA (Cont®d)

e ¥

INVESTIGATION B

RESULTS OF THERMAL STABILITY TESTS ON FLUOROCHEMICAL LIQUIDS

T

METHOD OF TEST

Lomes

All samples were purified with fuller’s carth and testsd for insulation

; resistancs ia the standard 100 zmfe cello ' %
Low volatility materials, Loiling at 230° C. and higher, were heated in

glass stoppered bottles in a oconstant tehpora‘hure oil bath, cne week at 121
| and one month at 150° Co

The more volatile liquids, b.pe up to 205% C, were sealed in Pyrex bonb

tubes, encasod in copper oylinderg, and heated ore month in the oven at 117,
Results are tebulated on FLIP-51 (P1a).

FDmeB I1lustrates Equipment used for non-volatile liguids (appendix B.)

FDP=15 Illustrates eouipment used for volatile liquids {appendix Bo)

v o ——
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COMMENTS ¢

N-li3 is tho most steble of ell compounds testedo

Although FCX=327 end 320 ghowed apperont stabllity in sealed
tubos better than 0-75, the inoressed cost does not appe.tar Justified end
the latter is still recommended for phase III work. We now hove on im-
proved grade of 0=75 on which thermal teats will be continued.

Eel Fol0 is the most eteble of the chlorofivoro materiels., How=
ever, no outstending cooling powoy msy be expected of this liguid, sinoe

it is of the non=volatile type, rosembling silicone in wviscoeityo
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PART I
Section 8 (Cont'd)
Investigation €
Corons Level and Brsaldown Strength of Gaseous Fluorcchemicalwm,

The following is a resume of the findlngs of the fliuocrcchemioal Projeste
lovene Asslgoment,

Corons and Hy V, Broekdown Tests have been mede of the following gasess 1
1. Alr : f‘v‘
2, Nitrogon N2
3. Sulpbur Hexafluoride «SP¢
4, Dchlorodifluoromethens «C Fg &1 2 Gonotron 12

B. Ooctofluoropropeane «Cy Fg

The test circuit is dlagremmed im FDPT(p, 16, The squipment used is
iilu strated in FDP«9 {appendix B)

The resultant curves FDP-8 which folluws (p=16) showe thet all throe fluore
inenad pases that we tostod behave batter then nitrogen as fur sus corona or breekdown
4y umcerned, while Sulphur Hexefluoride is superior to the other guases,

It was proven that whon the gap is reittively small, ocorone nearly coincides
wiih broskdown, but if e sufficiently wide pep is used, the breekdown is appreciably
nuwhsr then corens,

With our existiang ocorona Tester the manimum reliable corone free supply
woliage 1s 10 KV RMS which limits the electiods spacing to about ,050", While
tav-ing fluorinated gases at high pressures, under this condition, breakdown end
carue ocour almost simultaneously at the medium and low presiured,

The pressurlzed spark gap chamber breaks down externally slightly stove
45 WV RMS, valch limits ths slectrode spacing %o about ,100". VWnile testing fluorineted
goesov &t high pressures, with this gap, coroma ocours well above the 10 KV limitation.

The report "DIELECTRIC STRENGTH" of Gacoous Fluorcoerbons" by Wilscn~Simonse
Erlsy, point oul that gessous Flusrocarbone have u breakdown polteniial equal o
grienior than flucfoeorpgenic gases and prove 1% by graphse

L4

Their Nitrqgen curve follows the some ourvs ag curs, but their SFg ourve
thovs breakdown at allightly lower volteages. ‘

The report "Gaseous Insulation for H,V. Transformers” by Carmilili-Gordone
Pluzp and also the report "Gaseous Insulation for H.V. Apparatus™ by Camillie
Chepnon displzy ourves of several gases with gaps varying from 1/2* to 3", which
efter proper analysis and approrximations, compare favorably with our curves,

-14-
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Port i o Sect, U
{Cont®q)

INVESTIGATION - D

PURIFICATION OF FLUOROCHSMICAL LIQUIDS

Fourtoen samples of fluorcohemical liquids have been purified end tested
ver dlelestrio chavsotoeristicas.

The mathod of purifylng was as follows: “he sample wey chaken four minubes
with 5% cauatic sodn solution at 50-60 dsge Fo o and allowed te sottle in a sep=
veontory fumnele The fluorochomical liquid was drawn off and passed through 10
nohes of fuller’s earth, (16=30 mesh, pre-dried at 300 deg. Fo) in e ohromato=
prephio colunn of pyrex glass, 3/L in. in dlemoter, at a temporaturo of 8080
UTZe 0oy excopt for the low bolling ligquide, which were run through juat below
e bolling peint. Vacuum was used where necegsary for the more visoous mete
lalse  The fuller’s earth trontmont wes ropuoted until meximum resistance
miadings wers obtained. Ordinarily three pasceg through ths ooluun were suffie-
wente The fullerts earth and all soceessory glassware was dirhed lmmediately
ifors useo This apparatus is Zilustrated in FDP-1l = {appendix B.)

Insulation resistence and power fastor wore measured iz a oell whish con=
vubed of & Cardwell type JD=l00=¢s fixed air condensger, 1C0 mmf, nominel oap-
Wby (110 mafs ectual) with plates spaced o165 ine A cell of thig hype fits
Jwgly in e 400 co. Griffin beaker. The Gensicl Rudio SLLE msgohm bridge was

s394 for insulation recistence mesgurement, anc tho Leeds and Werthrap Schering
Lrldge for power factor in oconjunction with a 1 Ko osoillator, emplifiexr; end
vepnal mull deteotor. Dieleotrio constants wore alao measursd, but showed 2o
cignificent chenge on purificetion. This oquiyment ie iliustrated in FDP=ll

{appendix B )

Resulte aro tabulated on FIP-52 = (P-18.)
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Mhropvations mads durdng the courge of treatment.

1. Two of the iliquide had sbtched the inside of the glass containera.
045 caueed @ slight etching, ¥0X=329 (perflucrinated kercesene) a ssvers otching.
ot of couree, not known hov long the eampieg hmd bean in the bottles hefors
antoment to us. The otching 4o helleved to be due to traces of free hydrofluoric
Al in the samplse.

2. Uertain of the perfluore ligulds improved dlelscheically on sianding
0 ¢Azew bottles, 0=75 changed Trom 200,000 megonms to 500,000 in two monthe.
1502 327 tested 70,000 megs immedistely after ourifying, and nfser one month the
w3 eblvity had inereased to 225,000 mege. A nostdble explunatlon is offered in
vz yesction of the sless containey with treces of free hydveflluorle scid prasent
La ke liguid, forming sn insoluble eilicefluvorids end effoctively removing the

{ra acide

3. 'The foregoing phonomens suggest o tentetive method of wiabilising
%y tlquids by ¢he incluzion of wiliclous maderisl {glasas, «¢illea, fullewr’e emrth,
WLS } within tho transformer osse. Activeted alumins hae alveady beon pronmosed in
if-terat\we a8 o meens of removing degradaticr products rem‘ltﬁ.ng from aveing
"* ifg= Filled circendt beskers snd switchgesr. The wyiter hee found thaj fuller's
,h ozarts o pronounced stadilizing (o», more precieely, continucue purifying)
LiE00t on mineral oll kept st clevated tarmraum eg. A reyoxt on this subjech will
T owlacod in the fluorochemieal file. )

The nse of small quantivies of eilicows oll iy under connlderation an a
Lirnliding agent, since 16 is %nown that fluoruchenmicals abliack the silicones.
L, Moat of the fluorocarbon ligqulds produced 1ittlo or no dmcomration
b vhaken with csustic soda. The excephione wore the DuPony sanples F(U=132 *5 and,
1) Plvorinzted methyl cyclohezanes) and FCX=3:% (flunorinntod kovosene).

An atbempt wes nade ia the cass of FCsi-327 %o remove swbutances csusing
T ealovation by boiling for a »rolonged pariod (16 howrs) with 5% cametie asoda
riusion. At the end of this time, w dark brown alkeline extrect wan obtulned. On
coving the fluoro liquid and apain shaking wiih NaOH, additionsl colorsd extrect
e obbained, but the color was ruch lightor than thel obisinsd on the orlginel
yple ap roceived, indicating ¢het & portlon of the dlecoloring agent hed bfs@n
vwvede Thy sauple which had been bolled wi th 'NaOK‘ tested 500,000 negs ot 437 efter
> gingle pees through & inchee of fullsr's enrthe

The maximan resisbivity attainable on the eumeo ﬁampla hefore boiling with
Sg 7l was 70,000 megohns.

The dislectric constant befors ani afber NaOH treatment vas the same, It
in coneluded, therefore, that the Dullr of the materlel wes unchangsd in the process,
1 sny mmjor changs had occurred, the dlelectric constant would have been increared
dne to the introdvetion of hyiroxyl groups in the woleculs by hydrolysie..

In connection with tha above, It 1s interesting tc note that the percentage
o? hydrolyzable Tluoride rsported 'by Minnesots Mining for thelr products is exceed-
ingly small, in the order of .001% or lees. The M liquids gave no discoloration
with cenatic sodn. Ounr tests would indlecate that the per esent hydrolyzable fLloride

in the DuPont samplen is higho
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Jeuglusions

At the present point in the investipaiion, the expecied suparliority of
4T parfluorochemicnl over the chlorofloro compounds is apparent. The 34 liquids
T2 and 0=93 hed initislly low poweyr factor and thelr resiutivity was oaslly
Loersasad to s high valus by fullerls eerth treastment. 0=95 did not require puri-
“unbion. The FXC liquids had higher vower fachir ae raceived, but ageln ilmprove~
4t Yas accomplished without Aifficulty. . The digcoloration on treatiment with
2mntle soda may indicate the prosence of reactive impuritiss which should be
Jnveds Xt 4m proposed to telte this metier up uith DaPont.

Seme of ths chiorofluoro compounds raoponded woll to fuller's sarth treat-
rah, bud in general a more vrolongsd processin.g was required to achiove maxioun

2rudlite.  Fochacks on soms samplos bave shown daierlioration on stending at reoom
W HOTRTUre.

Topts are now under way %o delermine uiability of the purifiecd liquide
1y slovatsd btemperature. Liqulds which prove stsdble will be fuprther tected in
~ousnet with metals commoanly wesd in transformen: .
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INVESTIGATYON B

immatibility Taesting of Commonly Ussd High Towporature Trensformer Construction
Materiale with Fluorochemical Liquide,

LR Ty

Teats to determine the compabtlibility of {luorochemiocal liquids with materials
vemaoaly used in the manufzcture of high temperature transformers wers undertaken
ue livlioated in our previous repcrt, Three ocopsriting vendors ren compatibility
vetvo with common high temperaturs btransformer conctruotion nuteriecls asaled in
orpalos together with their apecific fluorcchemioculs, end tested those for o oono
ihdorable perlod of time ot high tomperatures, 4 wost complete roport was row
saivol {rom Mirmesote Mining snd Mamufacturing Conpany which indicated, in generel
thes ¥allowing characteristiocs,

The volatile perfluorc 3M liquids showed, i general, :ittle or no effect on
novt sransformer meterials with the exceptlon of silicone rubbor. A corvosive see
wdew 3 high tempsrature solder is being studied in dstnil and this work nay be
onpee-ead o show a means of solving thie problem, Interim reports on 3M socond
vo.red oompatibility tosting with the further purified 3M liquids indicate that tho
va petibility problem will be considerably mitigated as & result of the extra purio

n et
PE 0N,

The semlovolatile ohlorofiucio Kel F=C liquid produsced by the M, W, Rellogg
Cagory as used showsed a plasticizing effect on toflom, The extent of tho noted
ofifsets on all materisls with Kel FoC excssded that notlced with the 3-M liguids,
o wmnzual offects were raported on solder, 4ll noted a resultant gain in weight,

The 1lirht nonevolatile chlorofluorc oil, Fluorolube FS, used in the Hooker

£ vveo Chemical Company teosts resulted in milder wffects of the same type of
shingus noted for Kel FeC,

Tho threo clesses of oommon transformer materials subjected to fluorochemiocal
soupolbllivy tests included teflon, silioone products amd metels, FDP=~l3 which
folisus (P 23) shows a condensetion of the Results of Compatibility Tests.

The following are brief statemerts of meterials and reaulting action whon ime
mecrsot ia fluorocheriosls, '

TEFLOL

L D

The fluorochemical plasticirzed tho teflon.

A gein at high tempersture and
swellivg in size is noted,

Ihis offect is not damaging to final ond use.
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ir.) Siliocome rubber produects ers damaged boyond the point of usefulnsss by a
rolvent action and degredeticn of ocurs,

{ir) #ilicons vsrnishes aro loms effected then silicoue rutber, A plastioising
aotlen sppoars to be the nmechenism.

Attook on sxposed copper 1a noted with the chlorofluorc oémgcundm the
yipfivoro compounds show but slight effect. Bolder, & troublesone factor in come

juaobtion with $M liquids 1s no¥ “efTosted by the othars., Attack on iren was noted
ir. one tent on chlorofluorc liguids,

fuasdial Action with regerd to sillcone rubber

It o believed that somo formuledlicns oan bo selacted Lo be more rosist-
vib than thoss testod. There is wno silicone rubber problem in that Yefion can
w7 used instoad.

Lhensdial Aoblon with rezpect o Silicons Resimy

Some formulations onn bs asleobtsd o be more effsobive in the presance

» fluorochsmiocnle than those tested, A longer precurs will benefit sll siliocone
oondngle

| :.csc‘liaﬁ, Lotion with respeot to mutalse

Plauing of copper oumld solve this yroblem. It is bollevad thet the

masoﬁa}’ Hinidg-study will omnﬁualiy olrcumve:mt the noted eﬁ‘l‘cmt on high tere
—reture uolduro =

o

GCompatibllity Test Cunclusions: The 3M perfluoro liguids ﬁ;'éﬁgﬁ'é-'&‘;ﬁor

svmatibllity problems and appesr sulteble for use with all construoction mabteriale,
e 1ept rudber,
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FART I
Seotion 3 (Cont’d)
Investipation F

3nleotion of Most Sultable Fluorochemiocwnl Idquid for Power Transformers on the
basis of Pressure Charnoteristios.

A limiting fector in the use of volwsile or semi-volatlle fluorineted
1tquids in troneformers ie the pressure that wil) develop within the cass under
semel and porhaps abnormal operating conditionse For purposes of design, .
viorefore, it is necsssary to know what pressures moy bo expected using say partiouier
ilquid, at verious ambiont temperatures and av various watbagos loss psr uni® surlaoe
croo, of omse. On this basis the liquid most saitable for o glven appllioamtion may he
»3leoteds

in order to provido this imformaticn, pressurs tests have bsen rui on threo
<¥ tho liquids which atv the prosent time seem vo offer greaiest promise from the
vondpoint of stability and non-corrosive charaocters The followling liquids were
‘pated?

PCX-332 Perfivoromsthyloyclohonan  Dbepe 76%
0=T8 Forfluorcdibutyloycloether bep, 102%C
Netdd Porfluorodibutylemine bops  177%

The tests wers ocarrisd out as follows. The cylindricel vessel equipped with
svessure gauge was approximetely helf £illed with liquid, sealed and plasced in the
svon undil the pressure resched o constent value, The tempsrature wes inoreased and
o unit allowed bo atialn equilibrium ot the higher temperature, Iwo to three hours
<mye required for sach temperature inorement of 10°C, Puffisient points were obe
sained in this menner to plet ourves of pressure vee temperature for the throe liguida,
«n in FDP-2 which follows (P-27). The cquipment is illustrated in FDP-17 {eppondixz 5).

Yhe ourves obtained are approximately straight lines vhen plotted or semio
iog peper and may be regerded as typloal of fluorochamioal ligqulds within the smme
7uage of volatility, Other llguids not tested mey bs expected to exhlibit similay
prossuro - temperature relationshipe, verying only in the slope of ths ourveo There
sueven differ from the trus vaporepressure ourve inm that they are the resulient of
tho vapor pressurs of the liquid and the gas prossure over the Jiquid whioh ls ine
£iuenced by the thermsl expansion of the ligquid end the temperature of the gase

The messurements were made at a ratin of vol. gasfvol. liquid approzimately
cqual to 100%, 4n increase over thisgmatio wiil affect the pressures to & minor
cxbent. Howsver, if the ratic be decromsed, a sharp rise in pressure may resuit
ot eleveted embient temperatures due to the high thermel ezpmnaion of the fluorochens
ieal, To ahow the effosct of gas pressure indejendently of vapor pressure, FDPestp
thich follows (p-28), gauge pressure is plotted against ratio of gas to liquid at l{'gum@
poratures of 76, 126 and 176%C,, assuming & moan thermal expansion of 20% for the
3iquid per 100° temperature rise, FHeference is to rormal gouge pressure of O at 27°C,
Tt is evident from the ourves of FDPe2 that a minimum of 70X ges space must be proe
vided if the temperaturo of theé case reachos 1269, If volums of cors and coil oquals
volume of 1liquid this is equivalent %o 26% of the total volume of the case, Higher
ratios of gas to liquid are desirable not only for the purpose of minimiging pressure
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aloo to obtain waximum cooling effeot by condensstlon of vapor.

Use of the Vapor - Gap Pressurs Curves in Design

By roferonce %o the vspor - gas pressure curves of FDP-Z which follows
(720}, 1t io possible bo estimete internal presiwre et any given watte loss ab vars
3w smblent temporabtures for eny partioculer liquid. In order to do this, it is nes
erteary to have a figure for heot exchange betweon motal canms and still air, This
£oetor mey be termed the heat dlssipation coefficlont and 1s expressed ln watbs per
¢ zor degree Co temporature rise of cmse, or W/ixTd, Prolimipery axgerimmnts
vicided o tentetive value of 001 W/ome/deg, Equivalent to 0086 W/in2/deg,

From the diasipation coelfisient, the case temperature is readily oalou=
154 aovording to the equation:

e = 1000W/A < Ta

T

3 tolug oase teompsrature and Te being ambient tomperature.

Hrving found the case temperaburo, prossure ls oblained by refersnce te the curves

ol Lige I, Pressure valuer for the three ligulds, PCX-328, 0-YL and k=43 are

plotied agalnot wabls per gquare genbimster eares of cess in Fig, II, Jor mbieubs

9! 10, 60 and 80%C, These ocurves chow olearly thoe relationship between loss, omse
arx:, and proasure for the thres liquids, 4 study of the curves will enable the
drstynar to nurrow his choios of llguid to the ono whioh exhibits pressured dbelow

¥ae nesired maximum, whioh at tho present time iz congidersd o be about 45 lb./sq, in,

The usefulresze of tho curves of FDP-& in design will be illustrated, tale
iz tp en examplo the oylindricel osse FD«8 whick has boen comsiructad for expsrimental
ui0, This ongs has & total surface area of 77 sq. om, inoludiny hoader and clampao
Ir Yo onoo is helf £illed with licuid, end the izmereed transformer operated at 26
watsr loss, the energy to be dissipsted is .032 watba/om, Referring to RDP.3 it is
goon that at an ambient of 80CC, the FCX-E26 liquid wlll exert a pressure of 43 lb.
P3P UGo iNe, the CaT6 23 1lb, and the Ve4d 6,6 lb, Bither FCi-326 o 0-76 may thore-
faro wo used under these conditione, the letter offering e greater margin of safety
The 2,6 1lb, pressure obtained with N-43 represents mostly ges pressure, therefore,
the vapor cooling offect with this liguid will be negligible under the ocnditicns
oripulated, the full dissipation surface of the case will not be ubilized, and the
oifloiency of cooling will be redusedg

The above example represents a mere or less conventional set of conditlons,
I the transformer be operated abt 50 watts less without inmoreasing the surface ares of,
the ouse, that iz, at 3064 W/om, thé pressure, using 076, will be 54 1b. at 80° am-
bisnt, In order to determine how much additional surfece srea 1ls reoquired to reduce
the pressure to the 46 lb, limit, it is only neceomsary to refer again to the greph,
whioh shows that 0-75 exerts a pressuro of 46 ib, at 058 W/om? snd 80° embient, An
1% inorcase in aroa is, thorefors, neceszsary to take care of the added losd,

w 26 )
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By monwis of & sot of cwives similar to those of FDP.2 and FDP-3, it is
pnhdble to detersine with falr acouracy just what degree of voletility, indioated by
a1 Yimg polnt ot atmospherio proesgsure; 1e roquirel for sef'e porformance under a glven
va s of sonditionse The deslsive paremeters are! meximum pressure, maximum hot spot
e arature, and amblent temperaturc, For purposas of 1llustration these may be
T as 46 1%, 180 Jdegroes, and BO dogrees respactively. It 1s necessary to
cy e o Plenre Yor temperature differential betwsen surface of case and hottest spot;

s work ualng recletor heal source indicates that 200 is o ressonaeble differens

g ,'H, Por fluorochemical ligqulds. The omse temperature is them 1609, tempsrature {

@i of case 80% W loss/ om® sr "8 which oatablishes the surface srea required. i
X DF=@ 3% is seen that the point corresponding to 160° and 45 1b, ic interme= %
e

7 2a betwesn the curvses for 076 and Ne4d; an imaginary ocurve of the ideal liquid
:v ap drawn as indicated by tho dotted lines, Such a liguld would boil st approxs
L saly 1269C et atmospherlc prossure

B
4
}’,

The above exemple is intended to be i1liustrative rather than conclusive,
: , o luasly, the choloe of liguid will dopend oan the parameterz chogon. It is olear
% . 'E‘u ¥ the volatility of the liquizi{ uged is restricted within a rathsr narrow range,
:‘ Trdlng to the conditions of vperation. 0«Y6 offers the closest approach to the
ik, Prom the voletility standpoint, and may bo mixed with N-43 %o obtain the pre-
) 3l :'iegree of volatillty wenmto., +these twe liguids are also emong the best availe
' el Prom the sbendpeint of stability and competitility.

e R P SIGYI s TRy

In pummery, the folloving principles of design are important in working
i, volatils fluorochemicel liquid collanbs,

d 1. *he pressure inside the unit may te controlled by seleotion of liquid
‘; -2 wepsr volatility, snd by varying the cass surface ares.

% ; 2. To obbain optimun cooling ef‘fcotp rressures under operating conditions
rhoud excood 25 1b, per sqe inme

i 3, Tompsrature of ounse i & fundemental quantity in working with volew
‘ Vil soolanvg, It is determined by ratio of waetis loss to area of case end by
cndoant tomperasture.

pr —

4., In order Yo minimige pressure dus to thermal expapsion of liquid, the
cetin of ges volume to liquid volume should be at leabt 70% at 8 onse temperature of
‘“k"u B :nd 1007 or more at higher tomperatures,

|
|
i
e % 6, TFor meximum economy of size, hottest spot should be im the Class H
g ) seegd, ot loast 1809C, Temperature differential hetween hottest spot and case has

i ’ neh o8 yet been acourately detsrmined, Preliminary tests point to a valus not
s aioceding 2090,

ik S ; 6. 0=76 &b presont is comsidered sultable for dissipating losses up to
oy o080 W/en gase arem. For high loeses, mixtures of 0-76 and N-43 may be used.
B~ '*‘““-\‘
ey
' 7‘»\ ;
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Part 1 - Seote 3
(Cont?d) -

INVESTIGATION ~ G

e o amsy - IS S W A GHD WD SRS e R LGS S A emad

2clostion 0¢ Just The Right Licuid Por A Given Sot Of Conditiona.

Por meximum socnomy, it ic deasirable that the unit operats in the Class H
Tonyy et waninom output and in maximum ambient. If the hottest spot temperature
te vaken es 180°, snd 20° differential assumed botween cage curfece and hot spot,
then the maximum onge temperature will be 150°% The maximum pressure allowable
1+ limited by msnufecturing considerstions to 45 1b. guageo Referring to FDP-2,
o imaginary ourve may be dravn through the point LS lbo and 160° parellel to
e experimental ourves cbtainod, represented by the dotted line in the figure.
Fb4p 1w the ourve corresponding to the ideal licuid under the conditions citedo
“uth a liquid mey be prepsred by mixing 2 volumas of N=l3 with 1 volume 0=75.

The forsgoing exemple ie offered in sn illugtrative sense only, to show how
sk proper 1liquid may be selected for optimum oporetion under a given set of con-
i9%eone. If less expension space ia provided, different prossure curves will de
sitainedes If, ingtead of fillimg the unit and gealing undsi 1 abtmosphere at
swm temperature, the unit is seeled with gae at less than 1 atmoaphere, pres=
s ep under oporating conditions will be reduced and a more volatile liguid may
v onployed. The polnt of intovest here is that from a set of curves like those
9: "DP=2 whish precesded {P=27), the proper licuid may be selsoted or tailore
e o sult special requirementa.

o et B




'
i
!
'

VR S A ea SR GO e el el WA S WA il

Part 1 = Seot. 3
(Cont'd)

INVESTIGATION ~ H

VEZ OF SULPHUR UEXAFLUORIDE AT REDUCED PRESSURE YW EXPANSION SPACE OF FLUCRO-
CHEMICAL, FILLED TRANSFORMERS

e AD AN WD GEN LS WS SN AV MM G LI AN WAl AEED P Wy WM G e W G s

Pragiares Due to Expension of Licuid end Heating of Gas

AT caToulations up to this point have been based on & ratic gas vol./ liquid

9% W00k  For the ordinery transformer, this is equivelent to a gas spavo of about

h R L,ﬁwd the total volume of tho cess. Although this quantidy of expinsion space

1 reacidorably higher then that used in conventiocual transformeras, the inherent

3l aderistiog of fluorinated Llguide neem o denand higher than usuel expension
Yoo o FOPl (P=26)) ratio of ges vol./licuid vole 1s plotted agalnst pressure

J::"; "1 g0 bemperatures of 79, 125 ond 175%C. The prossure in the ourves is due solely

Ty lerma) exponnion of the fluorochemloal. The neossslty for providing extre ex-

vt O 8pacse is eppavents

E.‘,'_' ©oof Sulpbur Hexafluoride in Combivation with Fluoro Liquid
o means of roduoing internal pregsure im writs under operabting sonditilong is
wobaipeted in POP=§, vhich folluws (P=32.) I, inatead of sealing the uait with

sl o1a 1 stmeosphere, a disleotric gay swsh ap SFO is introduced end the unit is

et ,? off at, say, /2 a atwosphors and room mmwx'aturog then the final pressure
s0¢ o noa~ocndensablo gas will b2 roduced by 507, at eny ocase temperatur@o FOP=H

@op: cer prenruros for units senlsd ot 1 atmcaphe“rbn,, 1/2 and 1/3 stmosphereo Tho
=iy 3 ere suldalstied for o cese temperature of 179°% Since sulphur hexafluoride

11 atmosphose 1o dlelentrically cqual to or bebter than air at 1 atmosphers,

wovooobical nespa of redusing prossuze under ssvere operating conditlons is availe

2o Vepor pregsure uumes of €F4 indioatoe that this ges should be effective ot

ateres dows bo 50° Co  Belgw this temperaturs, solubility of the gas in the

i boging te sxert some influemseo. Thls matter has not yet been fully iavese
I L"-’ '.mio

ihe vee of gas et lower than ebwospheric pressurse in the space over the liquid
ofes mdditlonal advenbages in relatiocn to heat trensfer. If a unit be built with
a Yevre serfooe area ¢t the top vo facllitato condenesticn of vepor any alyr or ges
peont in ths csas ok the time of sealing displacos a portion of the vapor during
s ction end roducen the effeotive sooling ares, If the quanbity of gas at the time
ta0 vedt ds paaled bo reduced, or if tho gas be virtuslly oliminated by sealing
widey aouum, then the entire upjer surface of the oase provides condensing area
#32 the wapor, and the efficiency of heat diszipetion is enhansede
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PART I
—dostion 8 (Cont'd)
INVESTIGATION I
THERMAL RUNS WITH RESISTOR HEAT SOURCE

The osubjoct of heat “rensfor s a mosns of determining design perameters
o1 the final meagnetic component was inveustigateld in the following manner: Sulte
shin contelners wore devaloped to hold warinus fluorochemiosl matsrials, FDP~12,
Sy eadix B ghows a Trensformer Container and Reaistor Heat Source, Included in
quch oombainey wore celibrated Thermocouples for temperature measurement end a heat
jnrrating mecheniem (0. controllable resistor) for use as staudard heet source, FDP«=39
kel follows (po #5) illustratos resistor urranzement, FDP-50 which follows (p, 36)
L lugbrates resistor thermocouple arrangoment, Aoctusl heat trensmission ocurves were
Borea on the Sluorochemioalz end on other commonly used meterials such as silicone
£ 0 and transil oil, Fluorochenmlonl meberials tested were limited o those which
g1 Chomiocal Group indicatod aa desirable rogsrding thormael stability, svailable elece
tolcal vurity snd compatibility with transformer msterials. Hoat transfer constants
w1t be approzimeted from this oxperimental deta for use in the motual design of the
muretic componentse , ,

In the selaction of tho realstor heat source for thermel measurement the

-1y eontrolledble thermal outpub was a fevorable factor to onable comparative

ryirereture rise moasurements within the coateinsr as influsnced by the several
S1acrochomical 14 quid medivmg, It is expooted That this debe £rom the resistor
32 we translated to approxil jeto the thermal loss (iron loss and copper loss) im
teinalormers. The eoffect off.‘“!tha different zsomoitry and heat distribultion between
tar reelstors and & tremsformer of squivalent thermal loss is being ocufrontly ine
viusigated in the sane liquids to correlmte the deta,

The following ourvec were teken of tho several liguids tabulated bolow:

FDP46
FDFud.8
FDP=44
FDP-43
FDPo6

Fi111 material Silicone Oi1 100 ctha, (P=-3T)

111 material Kol P10 100 oths, (P=38)

Pill material Transil 0il 10 oths, (P=39)

Fill matérial M N-d43 Fluorochemioal Liquid (P--LO)
Fill material Kol FoB 3 oths, (P=41)

t ¢ ¢ 4 8

In examining this date, one factor tha® ip easily noted that sets the

2Inurochenioals in contrast %o the more conventional fluids is the spread between

ke sevaral thermocouple readings obrerved with silicone oil ond that observed
wita nom volablie ¥el Pel0 of %he same room temporsture viscosity, See FDP-46 and 46
ard note a H09C spread vs, 20°C spread, It cen be inferred from this observation
ihet o Tluorochsmicalefillod transformer will exhibit less tempsrature differential
beswoen more adjacent points approximating an avorage temperature with less emphasis
o5 loss snd reduction of the hot spot temperaturse,

. The wigarved tmpsuturu for 40 watts output for thormocouple 8 measuring
£inid temperaturs is 91°C for silicone oil vm, 81°C for Kel F-10 thus indioating
that heat is boing deliversd more offectively to the case exterior, The observae
sioms in the ahove two paragraphn appear to be related to the more effective cone
7ective cooling offered by f'lucrochemicals, See FDP«45 and FDP-46,

- S e e e e s - S e e o o St s gt ey s m o ey L T g g
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The influsnce of reduced viscority in promoting convective coocling can
] To swn in comparing the resulte shown for 100 ciks, silicone oll;, and 10 otka,

tenaill oll, 200 FDP-44 and FDP.46, when the average temperature of all thermo
! ctoplon for trensil oil at 40 wabts output is 76%C and for silicone oil is 869,

One of the uniquo features of the fluwrochemiscal is tho possibility for
1it1.1d0 of low viscoslty comslebant with the requiremonts of a fluorochemiocal
ddenrotric in terme of flash and fire pointm, When this low visocosity is ob=
; frinad in the fluorochemical liguid He43 whose vircosidy 1s 2.7 coths. the most
{5 snble situstion arissc wheis the average temperature is 719C at 40 wabbso
$oe P03, and compers FLP-34«468546,

e e IR

The above results huve bion influenced ohly by convective cooling., The

Lot of vaporigation roquired Yo boil volatile liguide offers o cooling effect of i
Ly.crbant maznltude 12 ocame surfuce areas are adocuete to offoct subsequent cone
drueatlon. Wiaen the condaluner wis oguipped with © coppor cooling coll to add suffie
gz ares for condensatlon further runs were wmado st ugusually high levol of wabtege
: F.o e obseryed tempereture rise. This equipment 1s i1llus trated in FDP<12,
: { i wadx B)s The liguid ohesen is KeleF-RB, & low viscosity voletile fluorcchsmiocal

sl v benpersture rise 1s compored to tho proviouely illustrated result obtainsd
_ 7l Tom velebile silicone oil, See FDP=8 which Sollows (p.-41) Refersnce to this
. rwh showe 146 watts were dissipated at a temperature rise of 1169C whersas with
- s.5 cene oil 68 wotts dissipation caused the seme 136°C rise,

When the volatlle liquids are considered two new factors onter the pice
4 o ps idmitebion parsmoters in desgign, cmse arss and prossure, Case sroa must

: adie sufficiont cooling Ly condensetion te the surrounding smbient and pressurs
! ‘ w30 e limited Lo an extent practical for conventionsl oeses, terminanls and
f [ s3lavi soalés :
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FLUOROCHEMICAL GAS
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PLASTICIZED TEFLON A8 A TERVIWAL MATERIAL

—t e

b errer

% INVESTIGATION « X
!
|

in as mupla as most designo uring fluorooherical dieleotrios will call for
£330 gas end vapor pressure within the csse, tht terminals used will have the
adriud requireasnt of being leskeproof to that grs pressure. The usefuinsss of
various forms of Teflon terminals is well established ia ccnventional trans=
: forroy oascme It wap thought that, if Teflon vee to be pluetioised, that bon-
. efivg of eolustioity and reduction of permsnent zst characteristios might result
©im . terminel material of Teflon mure suited fur use under the gas pressure
errlitions existant in most applioctions of flucroohemloal dielecirios.

A refsyencde in duPont literature to the pliotioization of Teflon wus notsde
it ma deocided to enter into o limited develepmint of this process as.applied to
vz nsege of Teflon as terminais and a ooutract was drawn with the Dixon Corp.
) o1 3riotod, Role, febricators of Teflon, to soscmplish this result.

While tho work of the Dixom Corpe 1o inccmjlete some indicetions of results
Gt aveileble: They heve demcnstrated plesticizetion of Teflun by (1) soaking
21 ished cbjeste in & hesavy viscosity hot fluoryohemiocnl oil and (2) by oosgula=
ki o off Teflon susponsoide in %he pressurs of dispersed fluorochemical oilse

The affewut of irue phsticiaatién of Teflcr seems to cocur bty the zosgulae'
¥k method whoreas the sosking mothod promoter absorption ead coolusicn but not
% more homogencoun effecte ¢f a more genulre plasticiring action,

The Iixca Corpo will shorily supply a detsiled final report indicuting the
svant of plestiolzation noted and the ohanges in phyeloal properties woeulting.
Zuy will investigate the permanancy, ef the ticatment and {he effeot of the 1ight
“fyinrochemicels in lesching the hoavier fluoroui emicals ussd ag plaativising
uy rakee ’
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PART I
SECTION 4
: ’ SUMMARY AND CONCLUSI(NS

As a result of the work desoribed in detail in the foregoing sece
tions, ocertain fluorochemical compounds have boen selected ea being generally
meut suitable for use as coolents and dielectric media in tho four types of tramse
ferrers to be redesigned and built in Phase III of the investigation. ZLhe come
pcunds selsoted ares )

1, W-438 porfluorotributylemine B.P, 177

20 0=76 perfluorodibutylether B.P, 102

; $. Kel F.10 non volatile
4o Sulphur hexafluoride gas

Theso have beer scleoted on the basig of dielectric quality, there
anl stability, suitable range of volatility and compatibility with transformer
wystiriais of construotiom,

Nur analysis of the problem togsther with our studies of materials
hory suggested several tschnicues whereby the unique properties of the fluorce
: uu, iocals may be employed to partiocular advantege in transformers of the various
' w8 These may bo enumerated as follows:

1, Gas fill with sulphur hoxafluoride at two to thrse atmospheres,
%1 o method is eppliocnble to high voltage doairna. particularly at audio, interme-
dizve and redio frequencies, where capaoitie iusses are to be minimised, It is
E‘Gu adaptable to designn wherc large amounts o power are hundled, To assist in
s dissipation of moderate quantities of heat, conducting “ubs made of massive
Hig ‘por aro suggostod.

2, Fill with low viscosity nonw.volatile fluorochemiocal liquid (N-48)
.5 improvement in rate of heat dissipation, resulting in reduoction of hotteat spot
‘ <perature, ie antiocipaved,

3¢ Fill with volatile fluorocerioen, such as 0-76, This technique
dngonds on the volatilization of the fluorochemioal for the transfer of heat from
o220 and coll to the surface on the omse, By providing additional radiating sure
fa00 aves the quantity of heat dizsipated can e inoreased and the haottest spot
{2 aperaturs reduced, Tho adventages of method 2 (above) are inherent in this mee
'ﬁl'ﬁda

AT vk e

. Y S,

N 4,” Pill with volatile fluorochomiocal, with extra radiating surfaoce
A, : forming an integral part of cese, Displace alr within the case by sulphur hoxee

) ~ filvoride at one~-half atmospheric pressure, Thic method inoreases heat dissipation
by reducing gas pressure within the system, The sulphur hexafluoride provides ad-
ej1ate dlelectric proteotion for terminals nnd other high voltage points not ime
morsed in liquid at temperatures down to -60°C,

6, Ti1l with volatile fluorochemioal liquid and evacuate, This
mothod provides meximum heat dissipation by removing all gas from the system,
thereby preventing the dilution of vapor with non-condensable gas, Terminals and
8ll high voltage windings must be covered with 1iquid in order to be protected
st low temperatures at which the vapor pressure of the liqnid is low,

The foregoing techniques are prominent among those which will be
employed in the design and comstruction of transformer models in the ensuing
Phase III of the contract,

> 48 =
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ow’inod in Part I, Sectiom 1, Purpouo

PART II
Seoction 1

PROGRAM FOR NEXT INTERVAL ==

vuring the next interval we shall proceed with the work on Phase III as

An effort to apply the information obtained from the investigations ree
s pavted in Part I, Seotion 3, to speocific transiormer designs will be made,

The following methods of praotical appliocation of liquid dielectrios will
he investigated:

J. Use of the heat of vaporisation roquired to volatilise fluorochemiocals

as & means of dissipating heat (with provision of adequate condensing
aroax)°

~ Ao Accomplishment by total immeraiom of coil and core,
B. Aoccomplishment by partial immorsion of coil and core,

1. Wotting of coil by w wicking action of porous material transe
ridtting fluid from a sum) of fluid to the ooil,

2o Uss of on open oup style sheathing to contain the volatile die-
1sotric 1liquid and direotion of returning condensate to maine
tain tk: liquid level in the oup.

II. The use of pellots in combination with a non-volatile fluorochemical
liquid as a means of heat removel,

III, Combination of a fluorochemical liquid with a fluorochemiocal gas in k
the expansion space used in liquid filled cases,

The following mothcds of practioal mpolication of gaseous dieleotrics will
8lio bs investigated:

I, Use of copinr heat tabs from coll md/’ or core to case sides to obtain
removal of heat and retain the advantages of gas filling.

II, Use of gas f£ill and pellets to combine advantagss of gas £ill with
removal of heat obtained with pellets,

- 47 -
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APPERDIX
‘ =Y A -
i "fABLE I
: Idsitifioation of Technioians,
i Nee Hrs, Last Report Hrs, This Report Total Hrs,
Jo ¥, Ahearn 364,0 320.8 674.8
Donatilla Aucoin 3.3 5.9 9.2
c¢; Fg Bordmo& L LT T 1706 1708
S P, T( Burnes 3892 8.;0 ’ ‘102 ’
. P, M. Cameron 96,0 40,0 1%6.0 1
: F, Jo Corey 2,0 63,0 66,0 1
! &, J, Didulia 94,1 403,65 497.8 %
1 ) L, B, Gordon 1.1 ———— 1.1
[ N, H, Goyette 32,0 — 32,0
' Stephon Hannon 8,6 16,0 19,5 3
! Ame Rerrigan ————c 6.8 8.3
‘ John Keidrieck 2.0 ’ ———— 2,0
‘ L. Po Kilhem, Jr, 80,0 114,0 174.0
Wo A; Lawrenoo 6.0 m——woo 5,0 !
Jdo Jo Lima 11.8 143.2 1660 '
M. B, long 10,1 —enne 10,1
Ro P, MaoAndrews 28,06 40.0 §3.6
Alan aolionald cnnew . 4.5 4,6
; Lo L, Meida 34,0 : 77,0 111.0
i Do L, Mauter 4004 4.0 4404
| { Edw, MoLeughlin 160.0 S— 160,0
\ ;‘ R. S, Quimby ————o 20,0 20,0
- 5 : W. Lo Root, Jr, 412.8 127.0 £38.6
5 ! ; John Shaheen 8,0 44,0 52,0
i ! ; Jo Ao Shoeohan 2000 2600 4600
: . Ko Jo Thomas 108.2 98,0 201.2°
, : R, R, Ursch 80,8 4.0 164,8
g b ¢ L, VanMsrter 42,0 20,0 82,0
:
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MR. A, L. BIRCH

C/0 MINNESQTA MINING & MFG, CO.

ST. PAUL, MINN.
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CONTINUED

| NO. OF COPIES

| - MR, R. B. REX, BUREAU OF ORDNANCE
NAVY DEPARTMENT
WASHINGTON 25, D. C,

| - MR, HENRY R. THOMAN, BuaAer
NAVY DEPARTMENT
WASHINGTON 25, D. C.

' l - MR. GENE TARRANTS, CCMPONENTS AND SYSTEMS LAB.
{WCLDC~5) WRIGHT AIR DEVELOPMENT CENTER
DAYTON, OHIO

! - MR. M, ROSSOFF
ARMED SERVICES ELECTRO STANDARDS AGENCY
FORT MONMOUTH, NEW JERSEY

| - MR. M. W. SIMMS, (MEMBER CONSULTANTS GROUP FOR
i THE COILS, INDUCTORS AND TRANSFORMERS SUBPANEL
i OF THE RESEARCH AND DEVELOPMENT BOARD. )

! c/0 GENERAL ELECTRIC COMPANY

SPECIALTY TRANSFORMER DIVISION

FT. WAYNE, INDIANA

I - MR, E. WILER, COMPONENT PARTS
SCEL, FORT MONMOUTH, NEW JERSEY

! - MR. C. C. HORSTMAN, (MEMBER OF THE CONSULTANTS
GROUP FOR THE COILS, IMDUCTORS AND TRANSFORMERS
SUBPANEL OF THE RESEARCH AND DEVELOPMENT BOARD. )
c/o WESTINGHOUSE ELECTRIC COMPANY
SHARON, PENNSYLVANIA

I - COMMAND ING GENERAL
WRIGHT AIR DEVELOPMENT CENTER
WRIGHT-PATTERSON AIR FORCE BASE
OHIO
ATTENTION: WCACD

. | - CHIEF, ENGINEERING AND TECHNICAL DIVISION
'u SIGGD, OFFICE OF THE CHIEF SIGNAL OFFICER
‘ DEPARTMENT OF THE ARMY

WASHINGTON 25, D, [,

r NOTE:..

‘ * THIS CONTRACT IS SUPERVISED BY CODE 817, BUREAU OF SHIPS, NAVY DEPARTMENT,
o WASHINGTON 25, D. C. FOR FURTHER TECHNICAL INFORMATION CONTACT BuSHIPS, CODE
' ! 817, LIBERTY 5-5700 EXT. 61243 MR, HAROLD N. NORDENBERG, PARTS SECTION.
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