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... - I ill I TEI1 ST.;.TEs . . .' 
f ... ~TIOl11.L ADviSORY CGIt;:r1'TEE FOR.-Ujp.orrAuTIcS 

FLIGHT PROPUI,SIuN RESE.illCH LAEO?I.rl.TORY 
CLEVEL.;.lifD _·dRPORT 
CLLVEU.~m, OHIO 

SP~CI.?I Gd.TIONS 
FOR 

CYCLOTp.mr 

SP.ECIFlc..:,.'rIO~. .TO~ C-723. DECEr 12, 1947 

These, ~sp(jcific['.tionc:.coverQ.cyClotron 1: \Ting "l. nonim.l 
.. . pol f~ce di~ncte~ of 60-inchcs~ ~c cyclotron e1:~ll bo 

installed in a buildL g ,to be fur ished by t:1e N,..,.C~~~ 
.:' I': . 

Th" btdder shallproddce gine ring s per'li sion of in
st~lln.tion," sccntly ard tcstin ~.t the Flight Propulsion 

.. Roscn.rch L'1.bor'l.tory, CJ.,ovcl~ndJ iOhio ,. 'wi til b.Gor to b 
suppliE;ld by't:1c U.rl.c..~ .. No's)ciCldirigc·r',.ne of buildi g 
'auxilhri·cssuch ms lights or h :,.t eh",,11 bo supplied by 
'the bi dQl'ir ~ ,." \. . 

'. ,. 

, , 

r , 

T!""c' ayclotronsh'>..Il 'be so ·':tdjus.te(~tE·ct it delivers f r 
Q coi:ttir.uous poriEld of:1. t lc~.st 4 J:()ur.s ~n cMrirgc t b '-I 

to qn outside tClrgct, af; 20 1l OOO,OCO...;.volt .d ·~taro :aving 
the foHo',ving cr",".I-<>,ctori·etics: . 

I • • . . 

( ) Total current deliverod to r-e outsid 
" ' 

rget not 
,lese tha 100 nicroaoDcres o 

(0)	 At lc<),st 40 nicroanpo;es"of the b'cD,f.l c;urr nt z ~ll 
be within a one-centi~etcr.sq1k~re of th bean cross
acctio.n• .,~o " . , '. ,', 

.( c) ~t least 50 percent of tho ~tergent beaD sh~ll b. 
vlithin plus or Minus five 1) ,recnt of th 6, iJ," .v. 111.8 

of the b can errer y ~ 

The r:lcthods of cl-.ocking in t fisBv and range shall be 
agre d upon ,bohr en th Go ernnent and th Contractor o 

In event of di~~greco,nt, the final doc sion ~~ll bo 
Made by the Hational :Burc~u of Standards' or, oy<cnin
deper.dent agency rocor.:nendcd by Lee thtio. 1 .3urcnu of 
StnndRrds" 

III. Potential Perfor::!anc 

The magnetic fi Id intcnsit;y, final orbit radius, and 
range of oscillator frequency s. all be such ae to por~:1i t 

. theoretical attainment of d uteron beans of 35,000,000 

. el ctron-vol ts energy. Sidders snaIl state tlle values 
of field intensity, orbit redius, and frequency range 
tha t	 they e;q> ec t to· furn j. :m. 
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IV. Mininu.T. :c.}'<' ni ce-.l Equ' J.oI!len t I----''-----
.-( 

"~~c ,vacuum chru:.ber sh.ll h~ve !'.nor't fo~ insertion of I\n 
intern~l probe be,tween tb.c deD-stems, an internal target 
holder with v~~um gr.tc qnd seal to permit osci11qtio~ 

of the internal probe; an cn~loscd electrostatic deflector 
and!\ rep1aceno+e tungsten deflector ~dth externql posi
tioning cO~ltro1s and v CUUln se~ls; an ion source assemo1y 
wi tr. fi1mncnt stems removable tllrough vacuum seals; pip
ing for gas fa d to the ion source; an extcrr~l target 
port with vacuum se 1; an luninum beam ,exit window\dth 
pruvision for cooling the l:1indo\'1 and for attachme~t of 
auxiliary equipmcnt to tl~a outside of tl·.c v9;cuum chamber. 
ir line ~li th tl c Dean; in ter:'.c'11 and exterr.a.lhrgct port 
vac:uun f,'n. os and probe ~older3 ,de~i[;ned to provide for 

J rc;cote contr 1; and chanber installation and,ha:r.d1ing 
eq,uipr.:en t inc1udi:l~ r f1owlbJ,c rail ar.dcart. 

ThE:: vicuun chanber and de~steL1S shall be provided \oli tb
'i:nll:'lpS' of P. t l€ast or.e li ter per s cond c:'l.pncity a.t 1O··:J rnn. 
of ncrcuri>' per li ter of vohJi1e to be -·v".cua ted; rofri.e-era ted 
baffles fC)r oil-vapor; rcr:.otcly"':'con trolled high-v?cuur:1 
valves; ?r.d li"'uid air cold tran. O-r;cra tin"" va,~uu.';1 SXl.ll1. r; _~, b 

be better than 10-J J:'~'1o of L1cr~ury; V<1.cuun gages of the 
ionization and ther~ocouple tJTe shall be provided; ~uto
r:18.tic protection of ~bes aEd punps aGainst loesof vacuu.":l 
or fnilur~ 0lf tb.e c00ling c;ysten shall be ,provided" A 
l::ass spectrograI-lh type of leak detector sl!qll be provided. 

Valveo, r'egul8,tors, and flo,,; indicators shall be provid
ed for hydrocen, deuter1UJ"'!1, and heliUJ"'!1 supplies and s•.all 
ir.clude meRns for reoote control of the flow• 

.A hat eJ:cl'Lq,ne;or, pumps. and nu:::iliary appa,ra tus shall 
be provided for any closed oil or distil,led \,,ater cooling 
'drctlits; a still and storage t~nk for distilled water 
sl~ll be prOVided, if needed. 

All special aligrutlent ji s, fi:~ture5, tools. and nor~
standard instruments used in adjusting the final perfor
rl.?nce of the l:yc10tron shall become the pro~ertyof the 
Gov~rnnent. . 

A supply· ~f rGp1aCenen t p'':'.rt's, such as ion, source fila
mentB, cone ;tfP8. tungsten deflectora, etc. s:b.a1l De 
furnished ':;ufficient for operation of the cYc10t:Hm for 
1000 l:ours. 

V. }liniWQ":l ElectriCal ~eruitescnts_ 

The cyclotron s;lall h..'1 ve ~ 60ai ch noninal ±lole f"ice dia
meter ele~tromF\ net assembly \'litl; cooEne ami em, it' n 
;~oils capable of ~alht~ining appro~i~ately 18000 gauss 
in the r.ledian ph.neof thedees: motor-generator set Wit~l 

Rt least 25 perccntovcrload rating; autornatie m~ans for 
current Itabi1ization to 0.01 percent for at least four 
hours; a radio~fre~cncy dec sup)ly ~1th fre~uency ad



    
 

  

 
   

   
 

 

  

 

  

 

 

 
 

  

 

 

 

  

  

 

 

just~blo betwee~ 10 and 14 neg~cycl ~ or vader; fin~l 
tu..'"ling ?dju13tnent to '.bG possible \hile cyclotron is in

0lJcra ti o~; radio-frer'.u,:)Ucy ,",,:lode ower sup~)ly of at

least 200 kilow.tts output adjustd.blc bct"/CGn 25 and

100 percent and havinG not nore hin two percent

ripplo; an encloscd-~rc ion source with at least a 5

kilo"att radio frequen~y filanent ~up,ly ~nd t lea13t

a 10-aw~eredirect current anode suppl~; pro\~sion fur

pulsing the ion bean ~t GO-cycles per second with

pubes of,' or.8 to eight ~.lil1iseconds duration, through

a p3.ir o'f e::t er:i'11 ,terninals for'" s'.,ri tch to be provid d

b;y tho Govcrr.ncnt;; dircct-··current deflecting power

supply' haVinG not nore t~~n ono ~erccnt ripple and

rated at not less t:1an 100 kilovolts and not less than


.50 Dilliq,npcrcs; auto .atic protection of tr~c nech3. ic'll 
a d. elect!'ic'-"l cquipn t agains dncagebel'a'J.sc of any 
f'1ilure or oxcessive 'It riat::.o' in the \''lcuuf.ls. electri 
cal power supplies, or cooline; f8.cili ti es; cO:::1plcte 
sl~.ieldinb of .11 radio-fr~(tucncy Oq,'O.ipr.1ent and trans

. rJisnion ;lirlos to prevent ro.diD.tion to ac1jacent electronic 
instrwJents; an operqting console for cocplete reoote 
orltrol and oper~tion of t:e cyclotron, including all 

necess· ry . et, rs :lnd alam 'si ,:'Ia1s;. n~l au.xili<cry enclosod 
co~trol rack or cabinet for all controls and equipnent 
t~:El.t are located in.thc cyclotron roon; all special 
electricD.l inGtruncnts!;l.nd cq.uirJoeilt ncceCSCl.ry for ad
jU3tnent, r:-",'1.i:1tenancc, ano. ')()riodic test of t ..a c;'lclotron; 
ar.d all elp.c,tri'c'al piJi~er di~triDutibn' equilment ::mch as 
power tmnsforqer banks, swi. tC!''f,ear, and battery cl1arging 
oquipnent. , " 

The Cont'r!l.ctor shall supply any r6place::wnt Farts necessary 
for operation of the c;,rcl.otron for 1000 hour~1. 

YI~ Electrical Power and S\'li tchgear 

1 .• , Scope: 

'Po1r/er will be sup~lied to' the J'clotron substation at 
2400 volts, 3 phase, 60 cycics.T~c Gontractor sr~ll 
fcrrnish a conpleto'unitGubstation for supplying power 
for'the oper~tion of the cyclotron and its a~~iliary 
equipucr.t and for lightinG and po1;Jer for the cyclotron 
buildin .' ., " , 

The 2400-vol t section of t.' '0 'tinit substa. tion shA.11 con
. e.ist of an outdoor t~ fu.lly netalonclosed 'iii th hinged_J 

doors and 0 tal enclosed transition conpartnent forninG 
a 1rloa'theI"1)roof comlOction to the tran forDor s8ctiono 
Thi s neeti on s!-:all CO:l. tain t;1e r:1;!l.incirc~i t breaker; 
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, . . : 

trana:forf:icr, and notor..-genoratcr'brc~kcrs and. bt!'.er 
breakers roc canary 'for . tr.e c:?cratiJn. of the cyclotron~ 
Circui t breakers :.>h8.1i be.of t~1e air break dre.\·lOut 
)typ~. O;f ~Ui table 'A.Dporc capaci ty rated at no~ less than 

,~ 5000, volts,. T:,e brcnkeTi3 sl','1.11 bE.vo an in ter..··.:i~ Ung

c~pacity,of'150,OO kilov~lt-al'1~eres o Circuit breakers


" . sr.zll be designed for J.25~volt dire,ct current, operation

,with dircct currcnttrip coilGoStation t';:''Pe starns€) 
b~ttcry of sui ta.ble si z~, ,for' the ppcm tion of tl:.e 
'ClIO. t¢:hg ar. l.ri, t:-, ir.dica. ting pil,ot" ~nd cell, charger and 
ba.t~cry rack sr.all • e furnis>.cd under t.his contfc:1.ct. 

llr~tcfs" "n~ter trc nsfor:'.''lors; 'rela~yn o.nd, 0 ther equip:1Cnt 
ncce~~ary' for the operation of the' substatioT. arid t:..c 
c'quipn8n:t conn, ctCd 'th'er,cto s~,,:, 11 'befurni sr.ccl U!~d l' 

.. thiS. contract. ' 

The Contractor shall furnis~ one transfer trUck and one 
test truck ncccsnary'for-the t tip" ~d soryi~ing of 
thesubSta.tf~n. 

3., 'rannfor;ler Section: 

,Tra:-rsforncr s::all be of t::,e outdoor t:r'1E; of '1. kilovol t 
A.~crc rn.tinc s".lfficic:lt to su)ply t~e- cyclotron, and in 
-addi tion 100 kilovol t-ar~1)erc for tJ'.c cyclotron buildins 

~, .. 
services T:!".c I'anofoIT.1cr sh~ll be 3-phanc y 60 c~Ti~lc~, 
2400'-'101 ts del' Q. prir..nry - 208Y/120-vol t, four-1.d,r 
croundnd n(;u tr<:,.l nccondary cmd s~l[:1.11 b self-cooled 
J...sb.rel filled "Ii th a !1a:~iDu.".1 55 degree C ter.1pera ture 
rise. The transforner s:~ll be Danufact~rcd in accor
dar.ce ·'i th the latest practice and denign -of the tr~rta.:.. 

former indust ry and s}~ll conforD to tl-,e· stand8.r(ls or' 
the AlEE, l'IEK~1 and .~s.~ and 5:10.11 be in accordanc e with 
t~e National El ctrical Code. Four D.)proxinately 2-1/2 
percont rated kilovolt~anperc ce~~city taps sl~'1.l1 be 
:mp )lIed in t:!1e hiGh vol t?..[~ 'i,qmling,,' t':IO above and t\"O 
below rated prinary voltaGe,~ brou&ct to externally opera
ted n'1.nual tap c~1Clngers \-;':tich ar to be opcn:-.ted or1.1y 
when the transf6 .. er is de~onc·rgized. 

Drain Valvo nnQ &~".1pling Device Li~ui~ Level Gage 
Filling Conne'etion S~ling :ti'cvice 

, Ffl tor Press CO'ru'"lc'ction Liftinb' LUGn 
, , Jack :Bosses Cov'er'Lif,ting Eyes 

Tller!Joneter Pressure Test Connec-
GtounC: Lug tion and Air Vent 

The tran~orncr nection ~~ll be properly coordiLatcd to 
bolt integral \·lith the netal bus Guct connection to '~ile 

lo~~voltage swi ch ncction~ 
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· 
r The 2400·-vol t cwi tC:ling s ecM-on and the transforDlJr ,·Ii 11 

-.

" 

f 

be located outdoors. The low volt~ge control section 
will be located in th olectrical ~nd eQuipnent roon. 
1':.10 feeders bet"leen tho tro.nsforDer ana. the 10\'1 vol ta e 
control section will be furnisted ~nd instnllcd by others. 

40 

(


Low Voltage Control Section: 

The low-volt~ge control section ,~ll be located in the 
electrical eQuipuont roor. ~r.d She'lll consist of the necessary 
nctal enclo~ed f~ctory assonbled air break Dar.w~lly-
O;Jur ted ir ci::clli t br akers for the opcr" tion and 
control of tho cyclotron and for building scrvice~n Tho 
transforner s conlli~ry air circuit breaker sh211 bo of 
capacity corresponding to the size of the tro.nsforncr 
rated at not less th·o.rl 600 volts nnd 25,000 ~npp.re 
interrupting ca~~city. 

The Contractor shall provide 2. tie air circuit breaker 
rated at 600 anperos, 600 volts, 25,OCO aopere interrupt
ing capacity nar.~~lly operated na~netic tY,2c, i .stantaneous 
short circui t tr':p p n.nd intorlocked wi th tho tr ndorner 
oain breaker so that onl;y- or.e of tl:.cse croakers c<tn b 
closed at the sa~o tiDe. 

The Contr0tctor 5:1a11 provide t '/0 feeder air circuit br ak
ers each r~ted 225 ~1Fercs? 600 volts, 15,000 ,~Jpere 
irterrupting capacity an~.lly QVerated for building 
services and S::t:acea 

The Contractor shall provide and r:"!QUIlt the follol·ling 
8Quipnent in the lo~~volta·e contr 1 section: 

voltncter test block 
triplo.:::: aT:'~'";let er 

All indicatine instruments shall b concentric scale 
svlitchboard t~)C~ Gene~l Electric type .:;'3-15 or approYed 
equal. 

It s~~ll be t~e responsibility of the Contractor to fur
r:ish coord.ir.atcd and.. matcllod uni ts of eQuipr:;ent designed 
to be readily qssembled in the field. 
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