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TI TLE Met hod and Apparatus for Cooling Magnetic
Circuit Elenents RELATED APPLI CATI ONS Thi s application
wo00s@esed to United States Patent No. 5, 936, 888/US2004/018941
issued to Partlo, et al. on August 10, 1999, entitled
H GH PULSE RATE PULSE POWNER SYSTEM on an application
Ser. No. 09/118,773 filed on July 18, 1998, which was
a CIP of Ser. No. 08/990, §481.gfi | ed Dec. 15, 1997,
5,940,421, now United States Patent No. 5,940,421,
i ssuedethopand Appasatugifor GpolingViagnetic Cinwit Elements| ed
CURRENT REVERSAL PREVENTI ON Cl RCU T FOR A PULSED GAS
DI SCHARGE LASER, and also to United States Patent No.
6, 151, 346, i ssuedRELABEED APPEICATIONS Novenber 21,

20 t] ed H GH PU.SE RATE PULSE POVNER SYSTEM WTH
F A HiSCAPBICat OoEis AR o0 G BORAENFFSS PHSB N or 36,953, osued 1o Pastlo,

et alaeﬂlALfg\?\lﬁﬂ 1@99' &heilia - Eefs %&Sﬁsﬁﬁl"ﬂ ?QL?)E MS%STEM, on

was’ a continuation in .
an ap@i@E0n $48,N6.i 0%t {7/ 3D8led mpefulyl 38, ]L%thndwwhm ntEH of Ser. No.

o8 Barolel 35, REod7oatudidy, neSeeied sidiseien®No”S040.021,

1ssué%RE¥E&%Q\l & ReUIGh F H@S@ﬂ%ﬂmmsﬁﬁvms&

anong ot hérs assigned to thé common assi gnee of the
PREVEBSHRIN iGIRENIIToRORt HePUléEHbQASe@ISCP@a&GEoEASBRc land also to

Unltpggé?%s% en(%ﬁol §e1§g§14 ts:lg%l}régﬁ ? %t e{j alher E]llo t;%r 2t1h%000’ entitled

HIGEPPULSBIRATEFULSE Q’d)WERWS’BENI MFFH BABY HISE TIME AND LOW
Electrically Interconnecti r%%s &t) Vol t age Modul es

CURRENT | based on an mapligatior Soriad) T0xA3% ﬁl9d opiugust 9, 1999, which
) t
wes SRR B B o g o SBLRRAR R Bpember 13, 1997, now

Unitag ;S:ta_ttesanttemt Hods,a4GAYn askutd td Emtb;lmﬁalasal@mﬁt 83 199D sentitled,
cuifisr e R al el ERaidy Gitiul SR AT R P@IARGE

LASHRESEMng! HHERL és@&né@ L ts c&ﬁ‘lrr%g@ss%ﬂgg drapd FHSQIt& B9WR{on, the

magneti C circuit el enents such as inductive Preactor s
dlsclmut% phescharfrvdrich abaervited patsntznsl inepzoratedi bereor by reference. This

o RSN S SRR e BASETAR F 4 Bty

Inteﬂ@@ﬂﬁ%tlﬁg MHgh tVJﬂ[Hg‘é’rMbﬂulE@ ?oﬁﬁbned_rﬂ? Hé!ﬂtﬁ/@lypgl/&@é Proximity, with
circuit may include vol t age 'r esonant

inveptonbacshp o . ST Lo OHROEH Blordali- 0001 Biepondss smey s i
appl{@tg(% gnc? st?é]n%d% liny ?armecgs%fgﬁgé agﬁgéj Lpphcgtlon, tﬁg aisd glﬁg Bt which

is hereby incorporated by reference.

FIELD OF THE INVENTION
The present invention relates to high speed and high power magnetic circuit
elements such as inductive reactors and transformers and methods and apparatus for

adequately cooling such apparatus.

BACKGROUND OF THE INVENTION

Turning to Fig. 1 there is shown a pulse power circuit known in the art. The pulse

power circuit may include, e.g., a high voltage resonant power supply 30, commutator
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power supply nodule 20 can conprise, e.g., a 300 volt
rectifier 22 for, e.g., converting the 208 volt three
wohes@orsss mal pl ant power from source 23, 10 t 8CBM@B2004/018941
volt DC. An inverter 24, e.g., converts the output of
rectifier 22 to, e.g., high frequency 300 volt pul ses
in the range 100 kHz to 200 kHz. The frequency and the
modale $&rdodfbrébionhmead neddudd 66 and RaaeeRhi@bdradodide 30, Hpighdoltage
HV power supply contral board(ﬁpot shown) in order to
powgt $ippliemedile 28 cpd §OREFD - 2ofa T49eval nertifigre20iat. m.6-» ouverting the
I : 0
208 S8 hte Bhedk 1P RU AR pdud o 8556, 98710 LIRAMIPHE, P Frverter
24, bgyicogvers.the putpas dbStatifelVERto, 2y, NERZreqidreyBO0pult ®flses in the

inverter 24 can_be stepped up to about 1200 vyolts in
rangg; W) iﬁ%zttf’a%%()f &Fﬁeﬂzeﬁe%a%a{%he o Eﬁ_r%‘sf’%ﬂ%ﬁ?z@"f can be
opvyer Cc [ . .
con L R e 117 PR bk e o ofCtol sfbyrLin YL fo provide

cow28 reputhtiznfaflthe pltoagia outpot p8RRe eftrgy O thoausysteam,of.g.c basediupon the
2 an be used, e.g., to charge, e..g., an 8.1 nF .
outrih af & ses et ¥ sompsofs: Eomataiter GBet Bike g, resistors
'VD%&&ﬁvag&by HV power supply control board (not shown),
ich can, e.g., control the operation of inverter 24,

Seflhpotiips, ofe inyerteniZh pan, B qgmed lmmapomo 1200 rvobm:r dhtep-up
' tral..
wanffher 0402 of B eI i REgBebASh 2T VIR DO Bbier 25,

whighitEinelnge, g Co Blah@lrd fopidgé Rrtifiasafcust)28t 18 £ 8Re@pacitor 32. The
provi ded by power supply nodule 20. The electrical

DC eptipatipk grauy s, eredin ehasge, gl ano¥vh idsehanging eapcitor Co

.nodul e 60 na o g | er to anplify the .vo
42 (Rl BB ool R MR el ? Sttt e ARG show,
whi€tBpag el Q) cdatrof ZhBpRNEH of UpRttyr DPOASEtHots, €9 withil® HV power
provi de 700 volts to chargi ng capacitor Co 42, which
suppiy cPRigok brard kagtgihayne wan de d’&ﬂVlé@P Pb¥ @l lasE sysieBnsemel board (not

shox?@. ¢ ztflé 8%%5%'5& %fﬁibhtﬁ)i%ﬁ%%gedr%,’ B%Fﬁq %Lérgyaé&ﬁ{o? fémh'é Clgbef' %fs:cem can

conmut at or n-conprise, e.
be pedvaddagl bygposapaopilpmodaied). whi ch can be, e.g., a bank

of .capacitors, (not. shown) connected i arallel to
pr 3iea CglqaLflaé"féaa gemna%%t@r Blf),ﬁuls ‘@ andgfompgpssiog isag module 60
mayMelel th88e@lth %%ﬁoli%f Yhed S5 11b8  ant oRIPAES t%@ eléetrftal energy stored on

provide a feedback® vol tage signal 'to the HV power
chargingptapacitert Col420barmbwanotupglyomajluleh?2¢ he.gs taspdvidg 700 volts to

control .board (not ,shown).to. limt the char.gin
cha g GPHEIE Syt TR 1 SepiablE B Ry Trom the down
strear @RI e.FQb&@&l@cT tateWiich46€. 9., when formed into an

el ectrical pul se and conpressed and anplified in the

c oAirthesgosmdigtos mpdedmi, edu¢loeanromprise, €.g.apharging capacitor Co 42,
which can be, e.g., a bank of capacitors (not shown) connected in parallel to provide a

total capacitance of, e.g., 8.1 pF, along with the voltage divider 44, in order to, e.g.,
provide a feedback voltage signal to the HV power supply control board (not shown)
which is used by control board (not shown) to limit the charging of charging capacitor Cgy
42 1o a voltage (so-called “control voltage™), which, e.g., when formed into an electrical
pulse and compressed and amplified in the commutator 40 and compression head 60, can,
e.g., produce the desired discharge voltage on a peaking capacitor C, 82 and across

electrodes 83 and 84.
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e.g., produce the desired discharge voltage on a

peaki ng capacitor Cp 82 and across el ectrodes 83 and
wa400amo0iss3known in the art, the prior art circBCT/US£004/018941

Fig. 1 may be utilized to provide pulses in the range

of 3 or nore Joules and greater than 14,000 volts at

pul se rates of 2,000 -4,000 or nore pulses per second.

| N ASUS Iknawhi ih GHé tt, theOprioradPbilrciADOf FigC1088¢ Qedﬁlhﬁf@d’ td@rovide
requi red for DC pomer suppl y nodul e 0 to char

pulseshiairtles regee abaer mere owlesand greagerghan 0 vsilis gt p%ggragﬁesmgf 2,000
4 f
—4 db%p 6}%{1&% Ipugg 8‘? Stepog{edg |I§[e§¢ vo?}[?%lblg ,e %e’.aé’ B& %@Lﬁ%g&%?%%gﬁnay be

requfréd) IﬁfbraDClquﬁ atysply esuduieoR0 boalidlgd thetchatpdvingapasitor Cy 42 to, e.g.,
provi to.close a solid state mntch

700 ypite ﬁlhagngg canaﬁntqru Gt B therelors; crmrs-shelt ]éff"hér@ﬁg 8pd sighle at the
desifel€yolta #Q ul, %6 V%geneé %ggtn[al ¢fm %n%&ﬂ%%%{ <f%?1 18] bBAA of Ehown) is

capaci i nt or nore
provideds gg.,00 qezka sgjid aqatacswmh @ Wwhichce. gatlmtlgtea a very fast step of

di h I d 83 d.84.. Th [
con A RSS! 07 S o Bt B G e

14, 0@@”\];0?{*3 '013 rﬁ@i@tch%{%%r &t Ngégkltﬂg Ap ﬁ:ciﬁ/gﬁkgﬁgﬁ@% e &%ﬁa?%b across

elecimdnieé i&isr @dn§4 | Atlacbld state ﬂ\&ltﬂs 46 mayebd, @sg. it FSBBIswdtch, or other

suitgple St Spbebbe Be Bondr Shid Sl Puit e Al Gk GG JMET. hieh

powSMMOSFEE #bi | £ 00 €I Qhefpind itiuseR AN, I Sk ORith solid state
stored on charging capacitor Co 42 onto a first sta

switela 6 anasoplsoibe spplayed. o-gf dp ripmporarily kit the Wéelﬁfthmgg dhe solid
stateCSWARME Afé“:‘{)vﬁﬁe ist loseg ko &ﬂghgr%é ﬁ}te c%ta%% %to?gd 8 %gﬁ% caBamtor Co 42

generati on an

ontocea@racsthg):r ca@@clﬂﬁ 01 52; aps famihg b ekt @fatemfapwlmmamptrmsmn 50
% rchafac:ltorCl 52, Cy |nab%g ne.
sat'GF 3154 @Sﬁ FHemsctbp S%B?Wt@ﬁfm@r?@n%‘fst“% r?harge on Ghargmg

capagﬁglaé | f %us%%vlﬁﬁéd B%fo a 5%%@%2% 2 aaglg Hlfh%ﬁnae{t § e.g., in

ssenla Yy zero | npedance to urre

abokaPaBi MOokathiablelindBctdr 54ahd1ONofDthe ltap@ oaf @ipaélforcﬁafsgeuntﬂ it
fromcapacitor G 52 through a, e.g., 1:23 step

satupsitss and then PIeSERts eswatipldy éﬁaﬂg’@e@%ﬁa@ thercugggnt fiow from capacitor
| a1
= 52:.3 gg)gm ég\hn%ns gr aﬁ{fgme per%ee S%J)Igrbag ouf Eqégg tﬁrso ggh a%'%‘" 1:23 step

up pdseptrisstorthed 56i tosthasdeagpacitorcOpp Lamsitans2 i hiee dem'p@ssmn head
of pulse transformer 56 is descrlbed |n a nunb ﬁ
modyle @f. With &rd-s2 F8usighEmersriof ot @8awo a%%.cawgaswg 3 Hyst stage of
comg%%lbﬁat' on, including, e.g., 5,936,988 referenced
Such a transfornmer is an extrenmely efficient
pullhe dasmnsédpuise transfenstobaiisglesaitgd, inaa Z@@beolaf prior patents
550 ns #I se, 6, 100

assié}%gg ghegggx%hgh piyense af @ﬁppléca'éigh’ipglu 08 &g 5@@;?’98§ggferenced
abox?ee PRI ’ﬂréﬁéf&fhe? AR Safinily BRGNP Srafi@BARd! BanBmhing, e.g.,
a 700 volt 17,500 ampere, 550 ns pulse, e.g., a 16,100 volt, 760 ampere 550 ns pulse,
which, e.g., is stored very temporarily on compression head module capacitor C,.; 62,
which may also be, e.g., a bank of capacitors. The compression head module 60 may, e.g.,
further compress the pulse. A saturable reactor inductor L,.; 64, which may be, e.g., about
a 125 nH saturated inductance, can, e.g., hold off the voltage on capacitor C,.; 62 for
approximately 550 ns, in order to, e.g, allows the charge on C,.; to flow, e.g., in about 100

ns, onto a peaking capacitor C, 82, which may be, e.g., a 16.5 nF capacitor located, e.g.,

3
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whi ch may al so be, e.g., a bank of capacitors. The

conpression head nodule 60 may, e.g., further conpress
woheospoisse. A saturable reactor inductor Lp.i 8dT/usmiosh1s8941

may be, e.g., about a 125 nH saturated inductance,

can, e.g., hold off the voltage on capacitor Cp_i 62

for approxinmately 550 ns, in order to, e.g, allows the

on tBHa6Hef ANlakE:. thahibef |(@(W sh%vs@l) andnwﬂlbﬁ Uthe %@Q{lﬁg ,caﬁdﬁt@r @p 82 is
peaki ng capacitor 5

elecf@aﬁ%)m@wcqeéé@p@rallele%h ekﬁﬁtr@m &3@@%%4 éfhsége@ﬁfoexﬁaﬁmef a, e.g.,

550§ HRU0 BI AR 00 A1 SRS B e By 2 o

makang, 84., théisscohd and flast vtuige @ff cofnp&;ssﬁng AbdhQ00Ss!afeg the charge

ul.se.into a, 100 ong ulse to charge
begibRARMing e AEpkiaY cigsoner Ca fie Retdon @pg»f angl g8 agagipfhe laser
chan%il h&%o%?gﬂheﬁaselom§ h%u}(é“é?? e viQo08n BbdGhe LdRcitor C,
ch arge begins flow ng onto capac?tor 82
82 witlhavve deavhed, apg. oéiboah 44260 a/oi:taland cafdmdhergemeamhhﬂbmctrodes 83

t sh the | h dul e .80,
and §3 el Y lsiee el J5t 8r Sbpted W KRRBIR e iR oge- lasing
occus @ithirARe %soﬂ&c@@ﬁaﬁﬁétt(ﬁo@ﬁgw%gf tﬁgg@%g&dﬂﬁ&ﬁ’ﬁ&? the

el ectrodes 83 and 84 begins arge may | ast,
e. ghe cabmtny os“mhmsrlorom ang 1 wpeycsa inglmdece.g, a bmﬂmglt defined by

oc urs Wt not
bias B ecSotct T, Sl 415ef PORRPTC TRES BERElrs P GRORES 1) g Low oy
be caiidectedge.g] téBMs aldent istglce Taind €', GespeatiRiBIné bls6 o, te. g first stage

defined by bias current source | and a bias_current
compressopiciguit 38ue e b@tweén §¢.diodedif e dhesoutppt ofipalid state swjgch 46 and

€ {
chm%ﬁgggﬂc?c%e oyéffﬁan 2 ga%%gﬁﬂésrs%ﬁ he?? lréél?a%g%) ag - 6i and compression
heacmannabis Simductarigy o, Iﬁﬁpecav@y Bﬁmtcmaemt soutbeddenndd.ggsuppie a bias,
put of solid state switch 46 and c glngln uct or
t

whiqReEa, & PESENES: SEBRpIEQRARGoF e dBestmEn TR3Y: B-ihagpa relatively
highdR8uG/BRVaRRI 18 hriaad s LN AP | gl tRAMIES RFank B the %S circuit relative

respectively. Bias current source |" can, e.g., supply
to tlmsbmés:onMWQiDndmad reodple 6|Qr swachy; ste, saktingbias current source I'
uct or ct or LB
fron} BT POy SR HCTEREL! VA (i ol dRd satuable inductor

L, 62 @hird@lz)o lofdiid ithidBgle Bas irdiuktor Mph@dPpuie thhfotthér 56 (returning
relative to those of conpression head nodul e 60,

to groped Hguehethg transfgrémt%rﬁgcmdag' windingat source |+ from
LS tol +
e B BB ol Sl 85154 pfaly By b ryen o

negdtive Gotuitg chdrpe g, bécaasd mtthmhmedb.nc&) m&ﬁdlt@ulbeﬁﬁeen c1rcu1t 40, 50,
transf&kggé 56 (returning to ground through th

60, 8P gk SISEnageh HRRHC WSSHPAR SAf Bor 2itcth e &i @emﬁ@ gaturable
n r :
L s e S
capaanon @peﬂﬁemieoﬁhasrlr@ eﬂer@eﬂmgegl betweenithe &ectrdlds 88,084, 86 example
| aser .chgmber nodul e el ectrodes 83, 3
crodfiiythe TectiEs Sanbhr D51 BVIHRIGEEEE OP AP di Doy end transferred
resoigirggfgﬁ‘dfé r?ﬁtg%al?mcﬁar CESRRCLo ﬁ)?thf‘tﬁEW Ehpa8tdr Nt prlebBing capacitor
Co before charging from the power supply 20 for the next pulse. In this manner, the

electronic circuitry can, e.g., recover excess energy on charging capacitor Cy 42 from the
previous pulse which substantially reduces waste energy and virtually eliminates after

ringing in the laser chamber module 80.
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capacitor Cp, instead of having energy ringing between
the el ectrodes 83, 84, for exanple eroding the
wehestoomdzs 83, 84, the reverse charge on capaeCraisS200p/018941
is instead transferred resonantly back into capacitor
Cp-i and so forth back to capacitor Co, precharging
capacitor Co before charging fromthe power supply 20
f oThishgs faemtaﬂ@&leﬁ@ bynekhim sRAELrecdvBS @Gt 5PNivbich may be
circuitry can, g., recover_ excess energy on charging
compessd Gift HE-» ERETEY rtfcpaeﬁ.‘/tln@owe’iﬂu @dsengrgysiscayery fiode 59.” The series
Ay
comBIRHOPE LR g BERKERS NTRLACCAGON B hbdRor Lo 2, con. e
becaBife THei impedarfcaaiflthe ptﬂed palvsosystem &, g.g,, i eﬁmrygylatched to that of

the QRgg, it éi%»ttpﬁéﬁ@ebvhas@e%@ngwéﬂgﬁigo%w SeyRisdgrders of
magﬁ@ude-r&lﬁlr%ec{ tn?@e ARARIRS e éd’iﬁ t‘f’cggleglg&gg%%fgg gg}}erated from

par al 0Ss char ng apacftto
the lh)amanm@ zhdlres5| ﬂrpet@troéeso%,tSHEWhicﬂﬂsnmnp;ummgaw&tckrmWands the front

e.d.. hot ex rmt hat of the chanber and
enda{jtgepgﬂagene%q %J]gﬂa%d)tshe chanber i nmpedance

VanfRs tIRCMREN er@f%%ﬁ[a% pRopaB e bhidGrslidhi the c@mpfelss%sn head 60 and

di scharge, a ne 0|ng refl ection”

the epmmavtatosd0f salid sthf@ swvaﬁc 49uipsas an,ra;s,s dudto ‘élleggmﬁmieﬁ the trigger

siengitor fid AV ERASTLARE Y EURRT S SRUGH oBhe Gt cireu
57 cbiil,ee £XxesRBeahe pelaribast the apietive ohthete kad SérRudd & Regative voltage
ression head 60 and the commutator 40, solid state

on téw pgingocangeiter Gp 42ethgpughd - tissanaat fisgovhgeling (g half cycle of

oo 112 Gl 0 )t B LRGBS 6 Pk e g
inducian SSSAsg:lampm/%mttdjg, poksal Mycurfent e inideittoe S8idwe to diode 59).
o DS RRSEAS, SRS SRS, L8
mod(& $ebdn G fdcBv@Ed HoRBLRY ﬁﬁisetalﬂﬁ skar&d 6h chstigtna B ggcifb&) Q42 as a

the charging capacitor Co42 and the energy recovery
positivelclorga rebd@y b)sbecﬂtslnpéﬁora@@nmpplse g., reversal of

curte pn i nduct 58 .due to The net . iy

r e?ﬁ?? {B(& %ha SFEY ﬁiﬁ%‘%"é{ﬁ F?‘é?ffr"e gﬂ ?Ssb# in FoTs eqpplgiplyilizing
the RNB-GYcirv® B%Iﬂg%ﬁh@ﬁﬁgﬁetmﬁ&tbﬁalg Qs&epin thE satBfdIE@6ktors and the

from each pul se and stored on charging capacitor Co42
pulspdragsiopset | vse armpted: abayp, acbipe curenti Baprovided tip caple saturable

e. ol ke S r t e Y n nVve 4t

o 35,4415, BB 35,50 66t DRSHURIRAE, SRTLESRAGYIy ot i
revessel sﬂ@mﬁéd hihihe rtmgenepulse ﬁmihe;famll lsy he tbsing dhelidatdie switeh 46. In
|nd$%gors and the pulse transformer, Al sqQ as_ noted

the gassvef, the eermeuiaien aledules hsairaniy indpctose Hosd @nddheS4, this is
accolhﬂ)gﬂﬁéé) rbyl-gro dln% 5l§a§1 Ht Iﬂo # qtug rﬁgﬂatagci]SA packwards,

uct or 4 1s reverse satur
comamredi lte the mermal puilsecureent nﬁhow a,be dn biye tilrectiminosfi hdrond bias current

source llb(gj tt?r%géhethe 1n Sgtor%%o AlSnand L; 54. Actual current flow travels from the

power supply through the ground connection of the commutator, through the primary
winding of the pulse transformer 56, through saturable inductor L; 54, through saturable
inductor Lg 48, and through isolation inductor Lg; back to the bias current source 120 as
indicated by arrows B;. In the case of compression head saturable inductor, e.g., a bias
current B, of approximatly 5A is provided from a second bias current source 126 through

isolation inductor Lig,. At the compression head module 60, the current splits and a

5
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the case of the commutator nodul e 40 saturable

i nductors Lo 48 and Li 54, this is acconplished by
weonresiodissg a bias current flow of approxi mat el pCTAR2004/018941

backwar ds, conpared to the normal pul se current flow,

i.e., in the direction of | from bias current source

120 through the inductors Lo 48 and Li 54. Actua

fracﬁ(bﬁ 63t thfdugW shiugat@é Snduc@mnNIt,h es4pm&e15acﬁunﬂiught1£mawhmab&or Lg3
round connection of the commutator, through the

baclﬁO. thﬁﬁegﬁowi R Gyrremt soHEee)d0s d he rerrainderafthe urrar Boa gigvels back
teofh 5384 b okt Lpr BRSO ASTHIR B IR hpmttor

modlulaaéﬁ) a]nmngntheqnﬂsectman]sﬂﬁms 56 setiopddrg dviglingrto @réund] and thfough a
he case of %f ess on head saturabl e i nducto

r, e.dg.,
biasig2oieggiog (APle a i9pthese 185 LUFIENt SR ddOf T8, second
curréntSEEPHIuRlas gC ' Bfa@tthé Ep"s@ Bardstmidr58UER . isS %aﬂg{ 31 so reset for

i nduct or Lb2- the cohpressi on head’ modul e 6
the pulsaderperagiohi Tlee andmafafa:urremﬁwgde spltth o ghclsaf the aer éegs may be

i nduct or -1 64. and back .t hrou a n
dotel 3L k. bF e BSishbGe i Bechns an oy pecaiad MHghaY each path
recelvREBHeN@EctHmduRe o s BierB2- 2 travel s back through an

HV cabl e connecting the conpression head nodul e 60 and

t hdhedlevuobpdpe prsdgy ehraggh the rsmﬁgm 40, 80p60,5%) from the plant power

souf UL 1 LRI U gy e o o

“forsaebiiev’bhrabthisudifefibn 99 tl’(eCiBrVﬁﬁﬁ dirébtich. SWhen gefsttng@6tan electrical
may be used, e.g., tao bias the pulse transforner 56,
compogent such sinsaiiblesingpalor rkaipe famarh eoslycting this mean that it is

bxasgcg gﬁ@ts%t 101-{ t@@ Ft‘ 1ﬁ£e %M%@ Nh avmi'e% o %Mﬁ t%@telgﬁtrodes the

term ne
forwaed is¢ctione Wheremahrqyatsh camiilctmg ithe dﬂdg:m atte@ datatm:lbn il e reverse

. _each th receives. the, correct unt of. bias current
direqHs. @ﬁﬁwaéffbep‘a}ﬁgfé Rl g AbE AEve oA T BN flow (or
elecﬁ@m fB8%) ftl'il‘é sg'lsﬁﬁ{ dEPRHEE oﬁ%ér]g&ntzg?f 5%eAfion within the system

el ectrodes and t'o ground beyond el ectrode 84
andﬂ@ftenfreﬂolftsgrvasoﬂforward flow' and this direction as

%&‘ Orl\;{\ﬁﬁa r%’&‘gllﬁ‘;re ; Eféat}’ut} %}algg%];iﬁr i Elgf glg}eﬁ gos&we 30 volts

sucH DavvRhéh @Oidcduaé bﬂﬁch 46 iisSclgRdreulroi flows frﬁmbdmgeﬂg t4abitor Cy 42
saturation to conduct "pul se energy"” in a direction

thropghyaharginsdndycien hod8sand fitsk stpge gampregsipn dndustor Ipimnajdirection
towz%rﬁ &\ 5@%0&3)?&‘5’1%% : ﬁadﬂ?or gts Sgr | \ﬁ%ﬁ%ﬂlgttﬁe %ﬁtréﬁtq{%v@ { ﬁch C152
e rev

iTec sed Tn suc

throdgh @&t priary Bide aitpmlsé trdngfemidr@tﬁ tofvatd gronnd. f’]ﬂml\# therdirection of
electron flow) ough t he systen1depends on the_ point
currejt B SRHSPAOEEEY lﬁnt{“h SHN¢ #@%M@ﬁg GARACH AR Co ielogRilse transformer

5. SRR B R ARSI By TR e

mayshothbb stgattew&mhgrom&6 | s cI osed current flows from
¢ h%%ﬂ sgltecgvei?c% 4160 may e an P/N CM 1000 HA-28H IGBT switch provided by
Powerex, Inc. of Youngwood, Pa.

It is clear that circuits operating with such high voltages and currents and more
particularly including magnet circuit components operating at very high pulse repetition
rates, e.g., up to 4000 Hz or more, generate extreme amounts of heat. This is perhaps most
critical for the compression head magnetic saturable inductor/reactor Ly.1, but is applicable

to all of the saturable reactors/inductors in the pulse power supply system 40, 50, 60, 80.
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t hrough charging inductor Lo 48 and first stage
conpression inductor Li in a direction toward first
weRaE@It3apr essi on capacitor C 52. Simlarly, PCNAIS2004/018941
current flowis fromd 52 through the primary side of
pul se transfornmer 56 toward ground. Thus, the '
direction of current and pul se energy is the sanme from
It is §l6& & @ifighl FaRECHtdperabion 42 thedsteiys Pulké BASTONTIBEI5656n the past these
Current flowin both the primary | oops and the
magaeticofiEralityclPBeRs drve brek SopleharBETEe. %C?Iléyplaf@t Fithene or more

pass% %tW%S%Lﬂé’%Eﬁ y@ﬁgﬂg%dﬁ%asﬁxﬁsft%i{}’liag ggpaéﬁgesg;gyvc\éﬁ)@];ﬁfé between

suchlp’a85agesf exounghowd in Phited tStated EhﬂemtrNb @448;580; asstisd to Birx, et al.

on Seaieertsirt: spaeny shatbaatl Midier Codheb UrinfRémar, on «

applfegﬁmsw %ﬂtm &y, fieabnPilgs, 18REt ChbiRy Rt A5 berproposed by

or nore, generate extreme anmounts of
condnetavely 'bhulshng CheYg haml b piping icontealing eeolidge liquid, e. g water in

cont P85 LG pTRROGH S S ARk G L) s shov
in Unfa@ispitsd PREHCNE! 8 44D 18NE ettt HECERIREMIS RUPPTITYONERKRTE GAS
40, 50, 60, 80.I1t is also a critical factor of

DIS@Hé&ﬁE bASER, issueds toe@livgr, palsen tugnd 2dr 442, ©8.an) applipation Ser.
gnet |r ui Ierrents h ol
$1894% &?5 ﬁlnH (&IOE 212 O %&)Ot%h a5 & %ontﬁﬁgtég)nﬁgs a%) fe ger No.

09/ 31701,7991 diled b@g@ 61@99 nbﬁJLIaJS Paﬁma6,d5$(346,ywl$wb $iag latdoﬁimuatlon—m-
anses 0 et ween such passages

ex cold pl ate
part oh Sai Non 0018 25 Shlsd dul. RS IGGE Mo, 8. Pab 1696, 9360ihindiger. No.

o5, Rt b, L2BRRYBLIHEL RSBl Sty W o i
preséhit (applidatiohi bedl tiendidoloyurds of S&ch ereohérelgy im;srmira;ted kbgemference
. d t I oupl i
Thisfalnd SRe shvus o e 5ot Pl dueti efigthe Bt SiK e cooling fns
on tHOHAEE of¥hE Rolidife BELRH ‘iemégne{l@ Bir&l Rt EMABNO fOdeé)Qltbe%élmd had also
magnetic circuit elenment, ®.g., as shown in
beenQpuitinte tRaheusingNo. coatmtlmthallq cmpuor%@dmmnetlc pieces, which,
PETI TI ON RAT CHARGE ued.,t er .
for cg{w%qs regson Amﬁﬁl_:tf 1e 5 ¢ -&n UAR qr o&g?{ 8ﬂle§gwta dielectrlc
cool}Y/ B8d, 629, Blfayé(ﬁﬂ/h@ﬁ(bnglgg@ﬁ{ad@ byZQQ@nol asr &y of a number of well

continuation-i1n-part of Ser. No. 09/ 370, 73 filed
knoveg gTuayinegtompmpesndsy, §uclpé1ﬂuld|\l@sulet01$mas4eovm b upgegeptable, in

part,lcgf’%tltg gé@%g:\%%{onlgr%@s 9%%8{%51@@6’38%‘%‘ ter 3 oﬁgr d&ttaminant

overO8m608UUn#E] Statbe Patbun N3 04,983)845D, mtlklewaMNETHﬂ ®EVICE FOR

o §tdha bt CERE BTG A R UShCHesrd tnatabgm, o al

onlJ iéx\f}fé%y ?olr@tl ?Llpg*t ;?(%E?ﬁﬁﬂ% gucfhge{‘ﬂﬁd%a %EEuIQﬂEéJltstm h 813 inside of

ess e ve et usi ng heat s
the hawiigig Siicna systehh eanvartgs otther dfavtlaeks) @osidngotobe &s&d‘uraa facility

ghlﬁclmrcwt element, & course lLiquid hag %\llrso
having clean room requirements, i.e., semiconductor manufacturing facilities,

because of the need to pump and circulate the cooling oil. Other prior art uses include
using such a fluid statically sealed within the housing, which may, e.g., due to convection
currents in the fluid cause circulatory action within the housing which may serve to at least
assist in carrying heat energy away from the conductors and magnetic pieces generating
the principal amounts of the heat energy to the housing for further heat exchange as

discussed in the art referenced above.
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been put into the housing in contact with the
conductors and core magnetic pieces, which, for
wohvismossss eason nust be a dielectric, e.g., traasfuseev018941

oil or other suitable dielectric cooling fluid, e.g.,

Brayco M cronic 889 made by Castrol, or any of a

nunmber of well known Fluorinert conpounds. Such |iquid

| neHhatier svemhigheo tequiRnteatsu fiac oeliigabiie]l pue p@pétitichueate and

to a tendency to break down with sloid parficulate o )
redugggt tane GetvereRareottr e fant bigher dutyneyclagtig Rep! spaigxgeleased in

P . , s L G ..
e Ml SO M REDHE PR LT s o
moreNaktigal i maehined suchrasllasendight 8ourt&@9forat.80 U epd$@EV and shorter
SR AR 5, SLEMPLTLAS B U e i ver
narr(fg)f, DHAE KRter 6P Ynd oPREs ?lﬁsé‘éﬁgtid')ﬁ‘ vwathh RS liklk Yadk@vasatiGulse to

ean roo'm requl r.emsn S, |I. e., sem cono_luct or .
pulsayaiueftactritichingagraticl dhafasterisbecelimegudtict dircuiiedemenss peedin such

and circulate the cooling oil her prior art .u .
pulsq RGO RSP CRTS PRI HCINT toaempOeekte aflalse it at last, if
not fall€reN@USLPELy ﬁ&f(ﬁ'ﬁl {Hl¥ss Rniperatt¥€ ateOmORIMERLY &htrolled than has

currents I1n the fluid causé circulatory action wthin

ever bhfordbeen thg casei crherprior setrmethpds and appatptusedisqussed; ghove and their
.carrying hea e f -

cou YL 50k TS PR LRI U SRR 0050 por ey

inadédt@‘;]eh €fliere Iilsi‘ié ayed, ﬂldr%ferefﬁﬁattﬁé ag dfauch utagheic dimait elements for an

. exchange as discussed in the art referenced above. Wt

imprpyed aﬁgl_w%% apParint forethe emor el of Hiet hegk ensraics lﬂegga’fedhby the

| of e C . o .

confi 08! BAGRAE L EE SR L SBERIPHEBOMG Boiion

betwsert pamelgieg covlad amiuwvitheit drearse of icscilated daslsnegky swaras oil, which
difficult to. nediate. This is even nore critical in

can RREHIAEe ShE e s ﬁ?wé%mver@em%?; e.g., W and
EUYhahysSiBAr §iflcone 3! R Yukse bigPtuy Gamkfbmig ¥efiso Bbdhibed in a
pul ses of very high pulse repetition rate with very

numberr pHyrionmpatehts ansigmed 66 the reonmnon essignsal afethguprasans @pplication,

: .t h Li l.ack i.afj.or |

et 157 Yl st P e SO BB R Y 2% Wb

21, 20006 ehfitle] ENEHAt BULSE RATE SUIISH PIOSRERESES BEMOWITH FAST RISE
equi pnent bei ng very susceptible to_tenperature

TIMENNDIGOW CORKINT pedDmited BlagiPaetiNg: 6.-1. 21 ofsserlyo Partlo, et

al. of %{@gﬁggbggsenhag&’ CORNERT REGHRRA WI\VHONTEIGRCUIT FOR

con an has ever e t he case.
A PPLSED GAS DISCHAGSGR fich SR aefatensedlatssassed above and
their. equival ents have served foQr past requjrenents
pudn bigh Vpgsgedqlapths% ﬁ a3 thasggusy fafsé‘ésc?ﬁﬁin Isdigesiogy do have an

elec%i?@f fshBitR UeRE&n ttf\%e&ﬁ{d%t?né fheug SDafts tri]n gﬁrde? 4§ ot 8ftetht Gpplied

rcurt elenents for an I nproved net hod and appar at us
voltdger withe petentia| differenére bétmaen éndivigiuels patsn e fmtedy wpsashar alone,

thougg Igﬁtl%tu%t%g 1srer1?og gﬁﬁcg%?.ofg%ﬁ%ﬁ%g% Ty Pn%n§/ Iggsels .Llrksﬁlamh lbgtween such

metallic parts may need to exist in more than one axis. In known inductors utilized in

known circuits, such as those just discussed, an insulator, such as Kapton (polyimide),
may have been used to isolate metallic components. In such case, e.g., in the inductor
housing shown in Fig. 8B of the above referenced U.S. Patent No. 5,936,988, a sheet of
insulator, e.g., Kapton, may be utilized by inserting it between the inner wall of the

housing shown in that Figure and the metallic elements, e.g., magnetic cores 301 and 302
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bet ween parts being cooled and w thout the use of

circulated fluids, e.g., such as oil, which can
woabesrisaBl y be detrinental to, e.g., clean ro®ar/us2004/018941

environments. The physical structure of the pul se step

up transforner is also described in a nunber of prior

patents assigned to the common assignee of the present

showaPipl theeFigfs, iledbiflinBG cytinder gddrtdlBdatvittaie heRategiof wHll. of the
6, 151, 346, |ssued to Partlo, et al. on Novenber 21,

induckgiBousing i tAlse 1A kmqvmuigcinsT riphett PeXERTS\ASTHIpdey phutting

o ST Gy (PS5 4y B o st

that Agaelt AlReetd@38ch watetinl may alGhBRENTO aﬁuﬁﬁsphaﬂeeﬁatﬁwﬁume and
. Cl.RCUI FOR A PULSED GAS LASER, ref er.e

inserieg o tLFrh%lﬁ@a SOV ey - gaﬁg? BEUIG 00" SR peregHs ﬂt?gfémsmg floor
from) H&dr 9' ag&lggatqu}e ehér iz8d nﬁe@ﬁﬁawm}a&éﬁ@sv Qvifin eéhscﬁddsﬁ@ Such

|nsu at or mo conducting nmetal parts in order
arrangemhm’s Havd protvh@umsmpbﬁae;tdm/fmlr taangmbm ofireasqmot imnluidiig the propensity
differ nce ett |nd|vf1 l% arts. Ln many case%hair
for iMprAREr 1f ABHGR, DT FERCA eI AU &rEamgalS 10 The coverage
allovﬁ‘ﬂ% Eﬂﬁig@f{@othhﬂ]ﬁﬂ%gﬂam@éﬂ*&ts (5! ot infibldRah ¥ Q8o St Tbetween the
parts may need to exist in nore than one

insulager §hee|t ranklntbmmlumm,cleg@hgg de idi¢leetric imisknaol cenditions and electric

such as tho ust ..di s S r,. such as
reld it Reh ol HE) oS AR AT IR 1l e
mMeAgbinkvel 9 pldte fidrn aﬂmﬁﬁallbhv odsich will Got, alwhystUeahe case, it might

i nduct or housing shown in th? 8B of the above
be ppesikle dadachine, e.pqeB mperngnded dagidsdly shaped giece Gf the msulatmg

t e
e e
howé?jegwoalmbnjvéﬂye:xpema\}el, b thel reanhites], oue J@ulatmggnmemai € dfylar or

for

Kaptggfwsa@grsnaé?{&%ap rt? tf}g?%rfl%g 1y it i ¢ Bfjghdapproblems

could BEMGHOL WheKSiHMher Ah&R of ﬂlé‘iﬂ@ﬂﬁtlﬁ%ﬁﬂf&ﬁ[ & 642l o BH&BPt to close
may forma cylinder abutting anot interior

the opyiing dt theddp okithe open eeeldsli lnwlatlwwsérucmr@r ior of the

hoysi .(not sho i n .t hat F| Ash tof h
ratier FarrG GREERL B X W R e Pyl RS v igh
pulsStatemagibticienit eRnieAtsntiflig: ligisi ng to cover e.g., the
housing floor and separate the housing floor from

nearby electrically energized netallic conponents

wi thin the hous{ ﬁ;ﬁgﬁWﬁ oAye proved
unsati sfactory $Q$I agnungﬁ{'fo Feasons, | ncI udi ng the

An dppeperssaridy miethodi fop pepading icookmgton rh:ligheﬁxlcﬂbﬂm ekenmit having a
def or mat j ons causi ng s in the cover

magRgticoRaT §lispossdheround Tonenitily kol oams éumtee*ﬁgl%?%hﬁvmg at least
o 8ty S T 2R SIS b GobR Lol S cootn
inietc andird suppertaculait @otlet, ca mlwhlﬁymamm‘tsd eboladt fhawy passages
con’catxiqule(:"c{1 W?t%yﬁc’ eeéoerg tSlrl}IDpCO%! mem%er waﬁnanzi interconnected and arranged to pass
coolant from one coolant flow passage to the next within the core support member wall
along a coolant flow path within at least a substantial portion of the core support member
wall from the core support coolant inlet to the core support coolant outlet. The apparatus
may also comprise each core support coolant flow passage is in fluid communication with
a fluid communication plenum at each end of each respective core support coolant flow

passage, with each respective fluid communication plenum forming an outlet plenum for
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Al ternatively, where formand fit allow, which wll
not always be the case, it m ght be possible to
waorelsiness3e. g., an open ended toroidally shaped#Cpiusem®4/018941
of the insulating material and to place a simlarly
shaped toroidal conponent wthin the opening. This
however, could be very expensive, as the machi ned out
at lebsﬁ%lﬂrﬂtdne of tRiresicative €ord suppdl @b1a8E 1K@ Ha8shgeNad £h inlet plenum
_have to be discarde In addition, gaps and the
for aétl@aéhaesmonﬁrw efihe gowedtiey ¢are Samogtecw%@ﬂef? o pesfages along the
t I I
coolilﬂeﬁaotw ?&g 1‘2&8 rﬁﬂ% l&)lae §1.E>%8Ht%ggfag€ ntlitsto Yké go{e su%%)éﬁ MBb1adoutiet.
The i dose Isappoat rﬁdmbﬂit maﬁ conipriss ajéhingaiﬁxmndiﬂge fehornlee tcore support

find a _solution to . these proble i n hi i.gh
menﬁv@rastée {1308 haighe an dopgr rdéIEiP‘i‘Sl‘é} AR Qu%?ﬁgl m%&lcrr}, W&_& may also
co o1l Eoij NWENOEREAD ARRRT &bbBinaNdowe i odO extending
r ol ? nt %

oviding cooling to a magnetic circuit e avi ng
alteraativetyn etwacd dbe énrdir siiosedorapodiatap foemtthalouter Idﬁmansémh and then

re su rt menber havi.n t .l east one core su
towaid e mepSONAGY A BL oM IR URGTR, QB ViEeh drgeore support
cool%ﬁfﬁﬁa‘i tan@0fk @dte kibRLt cGbISRT SutRH PPt cdr® UndNdord léﬁ}hﬁi’b may be
a plurality of interconnected cool ant flow passages
contgiped & adwbuginghwhich eay oereprisepp bousing msdls ankdusingnepolant inlet; a

oo FASETTEF uBn sBHAI SRR FRLBRLLUR A7 susses

cont&iABeP Q\ﬁﬂurﬂ'ﬂi&ﬂﬁfusﬂ@ WaldlaAd gntérc6Micdt anld! Mvingad ko phsfs foBlant from
at |l east a substantial portion of the core support

one mﬁ@rﬂ%massag@m theenesd vathin thioheusgagoral taleng @ coglantt flgsv path

w1th‘fr95tele§slﬂ Btps%{)gtﬁ&t %ptiono&(I thouéqi'g pf?&ﬁttﬂé hO®in egal:&)‘?ant inlet to
I'se ‘eac e suppor coolant” fTow passag

the lﬁdusin@ ot budet | The hMushhgaankl avirel supponiumay &rana phreofiat least a

at each end f eac espective core support cool ant
portop i, ApAAEHIFSY CUFEH T R dLAgEE PO RS AEPRG R g iecsgre. Tn
anotﬁxlneél‘ggat cﬁr ik qgvc%@ioﬁ Ubh&lorR neume EO%éd wias tthlfsl ikt §ft electrically

one respectlve core support coolant flow
conpmtizagerrialsd an inlet plenumfor at |east a second one

of the respective core support cool ant flow passages

al ong the coolant flow path fromthe core support

cool ant i nl BRIEF DRSCRIPEIGONIUPTHE PRAWINGS | et . The
core S%Bport menber may conprise a_flange extending

f r &ig. tlshows perion A DRIse PRWRRGITCUtiFE9ERg BagRgticigdughive reactors;
' n @"? [ 2%1%9 3 'pgﬁg?&qre Q,ﬂ?‘{,’ Igf ? ﬁlagﬁéﬁrlﬁ{h?c%’v]@ \[%Hcﬁﬂ hgﬁéipg %l]cfcgrdlng

i'se a” pFu onnec CO0
toaﬂblﬁbbcﬁﬁtﬁﬁﬁgﬁﬁepﬁﬁﬂ(ﬂmmuaﬁter natively tovvard the inner
di nensi on and away from.the quter dinmensign_ an
t OWA-d SBAWS B§TQR SERLIGBATION Ok e honsips of Big- Qwéongﬂﬁgﬁ 3-3in
FngLmen& on, between the core support coolant inlet and
the core support coolant outlet. The core and core
suffppdtshowy almeore detailed cross sectional view of the side wall portion of the

housing shown in Fig.’s 2 and 3;

Fig. 5 shows a top view of the housing of Fig.’s 1 — 3 with the upper section of the
housing removed for clarity;

Fig. 6 shows a partially cut away view, along lines 6 — 6 of Fig. 8 of a magnetic

core basket assembly according to an embodiment of the present invention;
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contai ned in a housing which may conprise a housing
wal | ; a housing coolant inlet; a housing cool ant
woubds@nissand a plurality of interconnected houBCTEIS2004/018941
cool ant fl ow passages contai ned within the housing
wal | and interconnected and arranged to pass cool ant
fromone cool ant fl ow passage to the next within the
h OE@'bVI ghoved 4 |s<ﬂ1|eﬂlaﬁc &ue@\O?ﬁ @ﬁlanﬁbmg@alfdsmﬁdh? ithre Iatmdrelatﬁfmmg
a_substantial portion of the haousing, wa romt
part s IHGReloam Paskhl aseernbly o &1 SLRICAEIRDY! agrﬁmmm@tt of the
pmm%ﬁ%ﬂQHH $i:ng and core support may forma a part of at
ast a portion of an electrical current flow path
f oFig. Rghdwsa topriisw af thendandrel fomging tphxt of dreemagnetianatetvasket

assei 3TPLT 15 BFSOBl B (1 LM PRSI Cb DR AEPPLNS. AR £
DEBGRY BT i DRAW RSP0 the e SRy il DIl fo  pulse

pul se power circuit enploying magnetic inductive
powerdgansiorser windingshshshandampuire peeariling t¢ pr@mbpdigent of the
.C i nductive reactor housing according to an
p“”%ﬁ%@@? tt of the present invention; Fig. 3 shows a
cross sectional view of the housing of Fig. 2 along

lines 3-3 in Fi 2: Fig. 4 shows a nore detail ed
¢ 0SBETAJLEIBESEIIRTION OF EREEERRID JoVBOMMENTS:

ho F d .
A5k BADEE e Sy AR sl HA L ghOR nducive
reacﬁ)e (hbuﬁﬁ]g Q00 fabt&)rdllng 30 ng gnsbodwaehtfofrthe lpaoseiityinvéritipn. 6T he housing
hows a partiall tavvawal\év along lines 6, -

200 pyag beggegeraly ot in-3ape 15ad RaYe: £k eRBPYOH SETHMW %Q} paniddle
sectigfl 2@@139&1%15"3 %er%te dde2. e?lfé"fed%é"ﬁ’ Pé"ltn?? Rafd £h aﬁmﬂ?’%@ﬁn@ groove

schemati c v cool ant pasSages forned in
232, rshndnelh Fign drintey whaoht anodnninbee scmglgeringo(noml@“ma@l@,tan o-ring made,

m’ym?&ggirﬁgﬁed ,:?5 qur dl %veﬁ?% %%Fﬁqcﬁtg the Side wall
210 B’y%\%&raﬁé of & zEHn‘ﬁEir Ré&hnind mt@ @oﬂﬂm)ﬁﬁat%g%& anlk@hular ﬂange (not

assenbly of Fig. 6, according to an enbodi nent of the

shovpmewethe covereditli ang; is atigched; tg. the sishoval 210 by seewatthigaded into of

e BR3P0 colellF RS CRVERT SRGPRBL R g Bol . e
housi 200 AP ars Mevd a ofnttNoRNGSEIY whith @iyl bb'analaﬁéa%LaEtﬁbttom plate

DESCRI PTI ON OF PREFERRED EMBCDI MENTS ) .
216 of the housing 200, e.g., by welding, e.g., by vacuum brazing utilizing any of the well

known techniques for such vacuum brazing known in the art. Alternatively, the entire
bottom section 202 along with the bottom plate 216 and the center column 212 may be
machined out of a single piece of material. The central column 212 may have a plurality
of threaded holes 214 for attaching the housing 200 cover 230 to the housing 200, e.g., by
a plurality of screws (not shown), which can serve also to make electrical contact between
the housing cover 230 and the central cylinder 212. As shown in Fig. 3, the housing 200
may have a top plate 208 forming a portion of the sealing of the housing 200.

Turning now to Fig. 4 the side wall 210 of the housing 200 is shown in more detail,
with the interior surface 211 of the side wall 210 shown on the left looking at Fig. 4. The
bottom section 202 of the housing 200 side wall 210 may be attached to the middle section
244 by a vacuum brazing connection 224. The central section 204 may be connected to

the upper section 206 also by a vacuum brazing connection 222. As can be seen in cross
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Turning now to Fig. 2, there is shown a perspective

view of a magnetic inductive reactor housing 200
wacoesrodissg to an enbodi nent of the present i nveariusmo4/018941

The housi ng 200 may be generally cylindrical in shape

and have, e.g., a bottom section 202, a m ddl e section

204 and an upper section 206. The | edge 218 may have

secti@ i@ M | 4rths @ahtd) PPt 204 ZF2he SH@QWﬁgiZO)OFSil@e Whll ]'ZHI éhay have
whi ch_an annul ar sealing ri ng1 (not shown)
a

formeqd Wmhgl ﬁ@dguragtygff ge@uaﬂy VEIHS W%@aqsia&eér%gdeachﬁ which may
[ C I
be i o T R0 el B AR 2B P Rausine
~wdlemgagéswaqﬂanmm2@4 fl ange (not shown) on the cover 230
IS attac o t he side wall 210
¢ hFwRERhE 1gf »tthges %@@W op V3o of &)é Qiising 290 Mifbe upper
sec‘uﬁg%é 8f fHe%u@inE 90() ISR Wil 1@ rdtRRRE 16188151‘187” P%%GS sﬂ_(ﬂ?s that each

usl ng O may al so have a central colum 2
of thmayolbm Iaass@eh 240 tnotha nhidtilemecipdra2@t oflibe dbusihg 260 QElﬁ nfgall 210 is

in it Pl ) A PHE St soobit BT bt BPhcqigh o housing

200 MREHH MpPérdAédien BAD Wit ndaleabimed'by £ ERRNE WRicKinel M€ top rim of
entire bottom section 202 along with the bottom pl ate

the miggleaprstion@0dent by achousing adlantalpvise Phasm Y seh iadicgted by
oo s B s OBl ol ALt g T 4 s i o

the hbhﬁn@ Q06 icékﬁeﬁ&@tl@ﬁv'féhe 339 tivo subtecdutais ipaga2@D40encd so cbiynected
plurality of screws (not shown whi.ch_c

are thy 98°% ePIREHEA.EFEENTRIRI o bR CaRnbBIhEER 24foanb e & Goglant outlet

pipe "iz‘a\éergl?e%Q 138 %oblAit B%%%%e@l co‘fﬁ’lh LS tl?elgool#ﬁ 1ﬁl@f§gg) el U6 and the

t he housi n ave a top
cooldm rcmtlla'g pipepD¥dt ammepﬁrateﬂebﬁ aaihollmgf UﬁchhEﬁﬂ@dlShiOiqﬂ%O It will be

undefiond s Aisapoionbize Y 05 Ehea el 200 Bescfmoval
syste%riL ]fonrerﬁ&ﬁin§ heg e\P@r hg2ho h%ﬁﬂﬁ‘g s W21 €fdottoRPklaRN BS and top

bott om section 20 t he housi ng 00 si de
platev\&% aad_/(or rmyerb%3(ht1t1acth glie theat E@lemt@kij vethire ¢he bausing 280 by the
oper: Eﬁlllacﬁg raZ| nggfrggcqsfgtéﬁ%ctﬁrsg%cm e{n% ra%dggx%cf\fﬂ?/ndescnbed
belo®, y@ﬁajﬁéﬂ@{tﬁﬁﬂtﬁ@hmﬁ{gectl on 222. As can be seen in
crosssection in Fig. A the central portl on 204 of the

holh¢ fgol2pb maydee quuszqd) thrayeh e 19lgr pipg 446t Hite) the respective
|
cool@latébﬁgégké g\,ﬂ? ié]h@lﬁng )%/&%Lérll%ﬁhc\éﬁ)% h&é@l th€ ML P@Mﬁ%@é @ig 5 after

conmuni-c t|on wth
whichoit) piasgs Wiakin thewighrthe wgspectivel evolant Hasagado a Rtmﬂﬁugn\gall coolant

wal | coolant | ower plenun1244 Tur ni ow to Fig
lower e, Shat® ik PRI 1 fagy bf Af Hus iﬂﬂfé%ﬁgl%@ewrflhfh? figspective

coolérig%e%@cémoi@ A2849h ﬁLP& cgﬁﬁhﬁ&u%ngvﬁﬁ d4e ﬂ@étlsugée@swe coolant

for clarity. shows that each of the

passagmol@nwhmhsrsmgssthéftﬁollant tohe honsiinl wal @oolaohuRed piehuth evhich in
turn p? aces thgs 1%69(9 reslpedc 1v\élac|o|ola121t gaslsgge 240 in fluid communication with a further
successive coolant passage 240, and so forth, until the coolant is passed to the respective
coolant passage 240 in fluid communication with the coolant outlet pipe 248, where the
coolant may be returned to a suitable heat removal unit (not shown) e.g., a suitable heat
exchanger.

It will also be understood that the coolant passages 240 and the respective housing wall

coolant upper plenums 242 and housing wall coolant lower plenums 244 may be machined
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in fluid connection with each of its nei ghbor cool ant
passage 240, either through a housing 200 cool ant
wappsroopsenum 242, whi ch nay be formed by a gr 8OvaIS2004/018941

machined in top rimof the mddle section 204, or by a
housi ng cool ant | ower plenum 244, each indicated by
phantomlines in Fig. 5 which my be forned by a

into heQeNRr BELidh 2ed of fhd Meishpt200msidd WaoD10 ifhreuld ogve? 8€ktion 202
center section. The only two such cool ant passages 240

b et

and the tpres Se¢imcdoae gfashed® thaednteroisniden aslese PY&rel v,

t ] nd ' : _
o BRSO R B, Berdl et S AL sl by Whlis
of Figo@l aht rhigretic gopebad46t assemblyel b atanding ud laat erphbqiémdi8of the
are separated by a,hollgm1vacuuw§i{§ ed hole 245, |t
presqgt [1FveRORn dBF $198BR 1% 3037 DRYE! RePakt | 20emyy COMBHS, ¢-gmgymandrel
250, P&hidhi by ﬁiﬂcﬁae,ae. Q%L’g@ﬁerg@)ﬁ HBAlrise rfﬁ&ﬁirelsllb%&ze%@ec{i&i 252, a

renovi ng” heat enteéring the housing side wal L0,
genefxolytaybingticel ensddfe] anddle spctipngtSd, pb8hanay mchwoveintegelly formed

ue .to the heat gen .ed W thi h [ .200 b
mandiRE et B8 oG S5 P P R S 0B RYas o anc
bottdth &l ke hBRBN only2for WM Qerfibht! Xfdeser 1008 Hedn@ion shown in the
contai ned within'the housing. The cool ant may be

Figutes).r dthgcmeandit 36@ mayhalse imededepp ppargirel flangs tppeportion 258. The

manfiSf ASE 145 FEROE 252 BRRAL SR A% frid fn SR T Bl porton
256 hiid RPSERE0HI0BE defiicon gbntidh @enic@slpe cflindeicsiospeain J68S SEgemandrel

o a housing wall cool ant | ower plenum_shown _in

lowe% KegitosrmanbErgached toshe mandral gyddle saeiiomnt>dpp-8n i Vapym brazing
and YRS BRGkleY qla‘ﬁ%@ k@ﬁﬁm?ﬁréﬁ@ﬂ %5%41915& Ssirﬁhég}? e i ditallddi @ the mandrel

conmmuni cati o next suctessi cool ant passage
flang®40p phitvh 258thyt a.g., vhaueolwlazing. t o a housi ng wal |

" cdstasd/BEo ol Hauision oo $5F lf ISR R B be

pluré’H.t%' B 2.4, Wik h@EndR 6 288 Skt GARLR (the RASSRBUNAA Big.3) nd &s shown
fortH, Uhtil the coolant is passed to the respective

in crosobatipnpadiag® @4y be gofuagted toormerlintatysiem (wot Bhawe through a

00l. out | i pe 248 er.e the [ ant . .
manfig] (AR IS 25 BT Aol B e P SR 20 I CROPTuRagRy with an
inletfoullet plensHiZBa hierABRY the ¥s&hedBe standbfi\is lshovith §0cross section in Fig.

understood that the cool ant passages 240 and the

6. Alsg pe show ih Bigs i%@q,ggq;pec@wmn@reh gg@rormugﬁhhlgngg 284 yaay be in
i Q5B A A5 B S TR e 7, i

mayShedoritetl lin 286 mdadfed flangd Boltamegoriac 256 by 2Aachamidg tgheoves in the
upper section 206 are attached to the center section ..

UpPSSUFAsE Pf S@dma%%@%ﬁmwsfrbﬂw ﬁawwoiﬁﬁa @?13 &y theygntier;aliaching the

Yo 53U | B di d

mac R g B A e N BO0aLOR L D5 2 s

abovac  ftr dilh det wndarstedbthdi menthind gtdves to the grooves forming, e.g., the

inlet/outlet fingers 276, may also be formed in the underside of the mandrel flange top

section 258, but in the embodiment illustrated here only the bottom portion 256 of the
mandrel flange is shown to have the respective grooves. The mandrel lower section 252
and mandrel middle section 254 also form a generally cylindrical mandrel wall having an
inner sidewall 262 and an outer sidewall 264. As shown in cross section in Fig. 6, the
mandrel middle portion 254 may contain a plurality of mandrel coolant passages 270,

extending generally vertically in the mandrel middle portion 254. Each of the mandrel
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present invention. The magnetic core basket assenbly
150 may conprise, e.g., a mandrel 250, which nmay
wonaelswdesse. g., a generally cylindrical mandrePCrasernd/018941
section 252, a generally cylindrical mandrel m ddle
section 254, which may include an integrally forned
mandrel flange bottom portion 256 (it. being understood
cooldmi ?:tasség’&mmi ik &€ fluinconagudicfioansith bothanman@eUmatiildh @ictbm upper
for convenient reference to the orientation_shown

coolqn mlﬁ@gmleju%ﬁ angh @ madERl apiddlsFertign eqodant impgmgaRlenm 274, as
showiPRAdh6te (g%g%p grr?anggp/ R {hgrlex@%gron-r&ethmg e@%ﬁ%ﬁgfé\a@bassages

sectl on ['é 'secti on 4 and man
270 inofidid ropmmini cnioR SGtlathe tWopﬁqgerstW@reﬂﬁﬂu@ﬁbmdhamandrel coolant

e b 8T S S Eh RSS20, ThE ML L

man&%pédo%t%tﬁﬂetr%@p@z& P¥p¥@REwM brazing and the mandr el
| ange botto ortion 256 may simlarly be attached to

t hBignédrstiows afsb‘am‘gﬁwt dpwpdithé el Passagesel ) formad inythe mandrel

rmd(g%gezclug éte%%nglg)dbguta% %1?%@&8% L ac&glgxintﬁq: Fe?c{/lggg% forming
gene?alg' twos baﬁauéltn ﬁmosa&ﬁs 280 tHeRiIRTpiMhD8D 16 tihe oﬁﬂ@csp g@%@ with

As Shown | n cross section in @mg
mlxmgyn the Iesmntmt sundel coddadiupper Bixeepiconos 237 )mandrel coolant

mand 282 d
towel B0 SR, GBS oBIARRER: St PISE B FRAEp PR iy foid
com@BflichiiSL i the ihIBe p[;%SQQZtthfb@gﬁttﬁé‘ dedfective %ﬁﬁwf IZBO internal
cross section in Fig. 6. Also as_shown in Fig

plenu@sqfd?léc shoven am ter Bght, smdeettf Ige. Band & paple] gmicz @@Chrﬁ@thﬁ gespective
two Irrﬁpgrte Soc{lﬁxgnﬂ%%y gsay] fh Hﬁl&r&o%@%ﬁf&éWlﬁlﬁ@l%%gﬁ{egtfrl\%eu%nger 276.

numrtiI nger

Thedentwid gespeotiaie edooldnd pgssapet 2T0TafOM twen 1ﬁ51ﬁ11&)00t’fﬁmllﬂmitmg with a
grooves in the upper surface of the mand fl ange,
reSPRRHVE OIS 06 i el the Arngxe] T pridhle asdtion cgp{aak boveg nfiige plenums

274, "BRE Ble I:A(ﬁ{tlﬂqné;gg af® &1%512&5%223%9%411@ t}HBﬁch {%J«o Eéicﬁf'&?al coolant

’bott om portion ove
passaged @79tinioch tespctivatonhiofig pdurelityers mmdrebiengldtfome’son coolant upper

mixigg M7 koot Srib s Stalutt s e et Bofe of the
pluraﬁ ‘{‘t bprinﬁﬁﬁel Bitlidlen sédﬁ%nel%lﬂﬁit”ﬁi%er' Wiksbr le@@mber®t in fluid

y the bottom portion 256 of the nmandrel flange is
comgmomtwro whtd/tbe trespeetieppait Pl eodamrssngesTRE0 imAdidesommunication

m@tﬁ%ﬁésg% bVﬁeﬁgg}qz 312 %ﬁpeg Hoeﬁﬂ%lr %4 ng]hg 1|deco§nr‘i‘5ﬁ1 ﬁlo%%lt}?lt}f‘eostandoff

outlétPRARY 283, glﬁywﬁbn a@aeﬁmﬂ?@m out er si dewal | 264 As shovvn
in cross section in Fig mandrel m ddle_portion
25k widhbecenderstopdhthat an lillemﬂ%ﬁl é:fst% Ré fisgers 34 ﬁa«‘rﬂolant passages 270,

ol PR IA 20 Dy BRI RS 5Rhty 2P 0 . o

the QE3ER TRSN ZHeDnﬂét pibe 8Ditdl the BNk ipé 28R avdunld thetothed 180° of the
mandrel m ddl e section upper
mandrel middle section 254, as is shown 1n the top view of Fig. 8.

Turning now to Fig. 8, a top partially cut-away view of the mandrel 250, along with Fig. 7,
there is shown the formation in the mandrel middle section flange bottom portion 256 a
serpentine flange cooling passage 330. The serpentine flange cooling passage 332 serves
to balance the cooling of the flange from its inner diameter to its outer diameter by
forming generally symmetrical loops from nearly adjacent the inner radius of the mandrel

flange 256, 258 to nearly adjacent the outer radius of the mandrel flange 256, 258. This is
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cool ant m xi ng plenum 272 and a mandrel m ddle section

cool ant m xing plenum 274, as shown in nore detail in
woi2005/081858d t h t he exception of the two mandr el PCo@iS200l/018941

passages 270 in fluid comunication with the two

fingers 276 extending fromthe mandrel cool ant inlet

pl enum 284 in fluid communication wth the mandrel

only Q&@édaeg Iif ke viPinR$ of B ﬁ;ﬁgérim mw@kvd:towaﬁytco@wﬁﬂ tetvard the
3, respectlvel ows a schepmatjc_view

inneyrlion 6t Sisciange 2ghe eyl vt gisp erBIeTHo0ch 85 HRARShousg conter

e 4 t d
o T
forml)@rtaé Emgef& 1256 pdtthe sérpeririehftangalcedliyy penfel233(mapde machined
befoi2bt FEGTDGRreioEy 397 Gt e BRECIan ARl &Y BeoRRed to the
manérﬁl‘é‘ﬁ?ddi@ KdB8n Plsa Ny Hﬁt}&éé bottBR (5RE6RNEE, %éﬁ)ecﬁv&y,’ aset"cﬁr @kample

_ Ingers 276 in urrd conmuni cation wth t i nl et
byvmmpmlﬂaﬁnghrough t he respective standoff 280 |nterna

DT B MaBncli, e daelt ooy a0 84 o s Hafhefcg® 8 mandre
lowe$ Q&Ju%ﬁta RASERY eﬁcﬁzpbétfbnﬁ bméis(;oo WHiKH ©8§ b attadhed té R mandrel
respective finger 276. These two respective cool ant

lowep a@@ag 882279, by ectews(netrshpyny thisaded draugh battiosamvplets 30 into

threarggiﬁ g i e Of c&l%lqlo\l%la | Iﬁ{glgrb ?32 t Jilﬁe g%ggét\%qco% g%%{%t assembly

150, thcﬂﬁg arplmaﬁtyacmbtéﬂa@ﬁfs 383 %p@cedmr@ﬁfdahb elrctifepergh of wige flange
addi tional cool ant passag}?s 270 into a resgect ive one

256,3p8 aing battem; Rlgtect00nmdptiarhad tadhe flaaes £ ZodamdrtotigppRipte 300
X

orof 8L TR, G030 AR kiR by o o

magﬁﬂtﬂCHoeesS(emt slswin)o oThé imdgaesr corex imay e, erg.mbnﬁédl byrone or more

ol P eTRILES Sn N  CESReELlve B 01 ot ity

shapE@ RECHE ¥t AR dDhubniouh | €hicR hBRUME $buhd ob! 1’&111!36 a spool of tape a

nication Wth the standoff outlet Blpe 3, shown
magm’mﬂhpe,le@ 1 made pf glckel 011 ltrompll & niskelinoe pHo Gherebw foramng a core

ti St 2.6
SR N T o
bottdth %k&bnP? 52N Witmiddfk mﬁon 259, or FAA KadthmeCad avith Bditﬁm In some

the inlet pipe 282 to the outlet pe 283 around th
casepthigs dugdo granufectwingl felprapgegdite ogcge {tp daws:googsel?%ﬂcal contact

bem%!é‘@ \gﬁ]et g%n&l@? Z%BHFO\HO?HVSQ&IOEI p27) §nd #“ir?ﬁ&‘lg %Qt\gfr)ﬁe ?515,5% ’shlm of a

par tTal t-away Vi ew o e man
suitableostgduétivia rEatenal]e gt, Iae:bppemhﬁﬂn innhe tftven bfjrerms 4 tape bfia siwet, may

be ITSERET AR 1 AHGBIRBBITTi] (BASLAND SSUe PHEEL 230 g magnetic
corel (BRWRoGAP Y e%ai,sﬁé%eﬁgt?o§§rt‘ﬁ€§nandrel 250 bottom section 252 and
middle section 254 and be held in place by the bottom plate 300. The basket assembly
150 may also have a top plate 304 which may be, e.g., fitted with holes through which the
standoffs 280 extend. The top plate 304 may also be attached to the center column212,
e.g., by screws (not shown) threaded into the threaded holes 214. -

The mandrel 250, including the flange 256, 268 and the standoffs 280 may be
made of nickel plated copper, and the top and bottom plates may also be made of nickel
plated copper. The standoffs 302 may be made, e.g., of aluminum. The bottom plate 300

and top plate 304 may be coated with a suitable dielectric material, including within the
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to bal ance the cooling of the flange fromits inner
dianmeter to its outer dianeter by form ng generally
weoeypnsmbigssal | oops from nearly adjacent the i NRET/US2004/018941
radi us of the mandrel flange 256, 258 to nearly
adj acent the outer radius of the mandrel flange 256,
258. This isonly varied, e.g., in the vicinity of the
openinigh @868ch2Which WY sindvef Y80 é}ﬂerﬁﬂ kutychoeay bete.d. pﬂ\@ﬁrdyetdhm coating
i nner radius of the flange 256, 258, It bé %{ P
of pagyigres: s fBe duterier Waklhand DpRrER gf 6%%1@1151%% Sifletsadl extending
tyha e g o)
over (I pF AR 2 B0ERE a0 P A RECRUTR, 215 g ng P Wieed wih
parylsgy frenihsuigtidnl pu:rgesesod]t iwil] behamleesdto@Bthatyey dperatmmhthaedagnetlc
bef ore t he nandrel wer sectJo 25 d.the fl e .
induqtiyg TRRAQITBAY D e Rt Mot Ot P 1A CONPh A Em electrical

contRE Hith0R, 2 S%%pait: id qnlﬁee%mth@ %ﬁ@fe”sél@ﬁ‘ hémPmodule 60, with current
respectivel {/) as for exanple by vacuum brazi ng. The

thus pasgmetthouglothe dosiek230 memhy smﬁdpfﬁ 20 myﬂeqmpé contact with the
e St Rl 15, SRR SRR o e

bottofnhqam@nﬂ{reﬁ H e ke8RSt inOthe2 Bdles e309 andd Yhe&C upWehe( St@fidoffs 302,
shown) threaded t hrough the bottom plate 300 into

electripalyagtadedied tosthgbttpm plae I0QHT bF spigwein delesidon azézhence into

. the t%—ﬁb g%ﬁi ﬁ]?etgg]&hcgén\gg ﬁ\? 58%6§6§ %Hg)ltﬁ/ éa%tgr td H}%Lééj:ﬂ{ep %oRmn through

space around
the s€iehv@ Uﬂﬁ@l&@ﬁ%a@f othige boteoig ef dethoudbF260 doﬂ]&btedmlqatrmﬁy in the

300 and attached to the flange_ 25 258 botto
circu) &g BODICL G TS tIFPRAIEIC8p i n&ée@gcg e bogang 200 and the

magletiRok (ﬁ?lj %ﬁ“@\ﬁ ;&ﬁ E&’ withiP e ef?d cdfe rb%sli&%%rh&y 150 may

cores e nmagnetic cores may be, e.g.
formf egnadwbyurarisdwtiverelemenyreq..dalil y shaped pi eces of

{n; gﬁ?}’g}l}aﬂcpg‘géﬁr gb%;@{i eero m %Frfltoétr@%’pr%eg%’iﬂ%ﬁgn is shown,
whiching§ HERYmbM& ‘i‘ﬁ’léngesﬁébtivE WindfgacleRemt 386 of %D@raﬁsformer e.g.,

magnetic tape, e.g., hade of nickel or iron or

transfiprodes 56iin Gig. 4l Iquﬁ wmldmgeeigmﬂﬁr&ﬁ) ﬁgaydoecmrtbe me:ﬁf g shrqud with a

Wi t-h t I [
righi S VAP 2o 1R A [ T A D S 158 fprming
man§RE B5® @x%'ﬁémgq{et\'véblﬁfhd ggatwanese aaa@ lefit twalb 854 .wHich each form
Ssone cases, gg due to nanufacturing tolerances

flangss gurthe spdisl 3 9868 neandeql rnayave GricAEE OpeNRg En 6tﬂi*r@ugh which
extelg%ntﬂ@ gécoﬁé%y Q@ﬁ&ﬂg‘ o t‘ﬁfe{ﬁr s foriier 361d AQ o WA E orehd %ﬁﬁcgﬂon of

Lot Ve Tt er
the ogpeinvehiion tonthehteankforment6 vending eharﬁempéSﬁftheangh@wa],l 352 may
may be |nserted bet en the nun1t 0|d (hot
havesfﬁmﬁ@} {igiim @O el PastEe 3ar’}l-?e Ragially guigpvay portion

370 %?QH@)rlnganll%ﬂ lee{&f?néd '@n%g%%gan@lﬁét bﬁﬁmmamr ?éadﬁx%oto 8 coolant

ttom-sectl on 252 an | e section 254 and be
vertncad pksage 36§, Akeatbbe seem iplFag.©, 8@0coolpnt pirsagest3 7égng:gmq t}armed in

the %%@@dgﬁ/&a{rﬁg ﬁlgq? gag f?ﬂy%\‘g 512 at % 304@3{6 t way c?)glanfa pgs'sages 240,
and interconnected by coolant right side plenums 374 and coolant left side plenums 375 in
the mandrel of the upper plenums 242 and lower plenums 244 in the housing 200 middle
section 204.

The present invention employs a coating of insulating material on surfaces of
adjacent components forming the housing 200, e.g., the inside wall 211, inside of the

bottom 216 of the housing, and the inside of the cover 230, as well as components within
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standoffs 280 extend. The top plate 304 may al so be
attached to the center connrm212, e.g., by screws (not
weoehesmpisshr eaded into the threaded hol es 214. PO®/US2004/018941
mandrel 250, including the flange 256, 268 and the
standoffs 280 may be nmade of nickel plated copper, and
the top and bottom plates nay al so be nade of nicke
the hPhsihE @. £ OBP @Enterlditush ANY0the $nt3fer Walls 162 dfete channgl 26(4nd the

al um num The botton1p|ate 30Q and top plate 304
flangp epasigat 2 WSt AL dhesmapdisl 5@t eSueh rancamaé%ﬁl%@f’ Mefectrically

1nsu15t§}gn<g>q Jf:fg ﬁﬁ%ﬁyé}{})h%g aRe V\ﬁ C@Qﬁe frﬁ%ﬂ) ‘s‘lﬂlfhc% inc(g.lets% with a very high

spr aye
degrezoaf icogerade, A&, ydmﬁmally heerfent eovemaga/vfrloirs amndeletteically 1nsulat1ng

ortion of the housing 200 Sld || extendi,ng ,over
perstfoRdveyr e uSIeGHCaR B ABHAED 1B (56 SPTES JRGPEn Splgeted to

£/ 1a€ Nt £ ¢doS | MY iaP Br Kapton, but at
havep;mlj?y gé)&pdlke&ﬁﬁ%g%ty%ndegﬁst god tStLatg in opgr atfor?p on, e

the sahee timgntet have redatbtelw dighe doroel nalydlmevxtbrmm‘re@ A, weble (most

electﬁ%qﬁggsélﬁat%stage egéo é Q,’lgﬁ%l@zﬁ?%l%\é (eijallﬁ 3?“%5?@%'&0%%5 lﬁt m!magernent of
the tl‘fé?ﬁﬁ[ E JePfor hﬁ‘@éﬁrd@t‘-@l&rﬁerﬁoe gWinta3n6ity in@iidtorlsbperapiag st Agh pulse
hrough the cover 230 and into the standoffs 280 in

ratesedlrebﬂmﬂi,mh@@rﬂga@pwmth the cover 230 through the

S SRR, U LA b0 G

techmd@desaR. t plasmal Roithey, SToaned Of fitser@@PR spray @ohting; adhbical or physical
connected to the bottom | ate 300 (gy t.he scr%e‘
vapon éFpasi s cisn all Chatiueh ¢4 bF BhkZedR dsPatica RIes gfsﬁhefh glm, with a

S s 30 ngd c :

v S I 2 PSS L0, S Bt my o

seleddsd oM afgrble oh eUsiritglly GRsitaipethoagh @Hlﬁ@ﬁlb.ﬂy @ahdlyctiva materials,
the circuit, e.g., .to the next_ stage, CapaCJ{O[,

suchs. paryleic REIENYRCOYdUST AGenamilin qefmic ralTals: isclysitg Sapphire,

alundi3h %ﬁ%}g\fﬁg &%ﬁﬁl&lﬁ@% IWtGngy thdt N8 BROPLELSoEQ iRe RABKA Q“DLC”

asse two turn i1 nductive
coatibbgmRmorphans fotnp of carbauwith ripnmma tomdirigg. The deperitidreprocess for

e i ment of the present tion.is sho
SO} BRomIEEISy S SREE S H g, G e dy§ng, Yeria
stabl"ﬁz&f ansdis BIErAlY: Shd tHel RRSHAY HRI mRcilfr bbtiedkto theSubstrates on

w ndi ng el’'enent 350 may be inh the formof a shroud
whiohi thi depasitignt is shadeyfbrméng vegs Zhiarfimg thattare alpp pindhalafyee and void

free o1 ARG, Dot WRBIPEITGRL e 3o, Aiprtaf B0 vl Such

coatifah ﬁﬂ: s‘ﬁﬁﬁlﬁbdf @Egmbfy|a9ﬂ§l&13C@eﬂlrigB Qna&rfdmhmafs& OH.he
mandr el have a center opening 356 through whi ¢
extisnds onEis coRl4l YCORPRI RG> oPIampRNeKy SHRRIESMEY @eamonex of
e of

AR BRERARAR 5% R HHEEPRY HERE " Pt U8 P SREle agpiscis o
bemteeﬁ 10F ght 0 ¥eyhinshpd dIﬂYWREVe?tHe&hHIEQoﬂdhetﬁ\fitynesaelﬁQﬂ)ﬂyl Ifiig: glass or

metalgig rl{eatryjlgr?es Silaslgaﬁ)lesznzan ig%\ggm;errllt tolg ?hepgrregén?llrll%nﬁgltl 1sa alsc); well known
and consists of a polymer coating that conforms to virtually any shape and can also be
applied at the molecular level by, e.g., a vacuum deposition process. Initially a vapor of
Di-para-xylene, e.g., Parylene vapor is first pyrolized and then deposited under a vacuum
in a deposition chamber to form the polymer coating. Parylene also has a high resistivity

in the range of about 10'® and is a reasonable thermal conductor. Other well known
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20

25

30

370 of the right wall 352, leading to a cool ant inl et
pl enum 371 |l eading to a cool ant vertical passage 376.
wosa1g582 seen in Fig. 9, the cool ant passageBCBT8200a418941
be formed in the mandrel 358 in a simlar fashion to
t he housing 200 side wall cool ant passages 240, and
i nterconnected by cool ant right side plenuns 374 and
parytane! dintmérsf suchi atepriymnen@ Béyléne DhendePayiehe af fidre Advanced

e 242 a r plenuns 244 in the housing
Coaggg ﬁgm%@magﬁ 4ma§r ‘éu%i'desent i nvention enpl oys
a 9Rahbigr fpebna kit ;?x@&nff@ﬁxfeﬁlh@h R AR AR SusRbrk of the reactor
adj acent components formn housi ng 200, e.g t he

contram@dd@thﬁaﬂmusmgl%% agi,dee @ﬁnddfé Bt copmeding thé taphelate 298 and the

i de . of 230
vou 31538 300 3P e e RE o018 18 RS 5 Sherdinitaf ol cifide of the
houaﬂg 200 (otisRbwh) Ry Watkdr 020 detefiotalibn Cén% Bﬁéonaﬁ&w'ﬂlﬁrd edpRBially as

flange parts 256, 258 of the mandrel 250. Such an
interfeged; wish iannthet metallic é@@hlmqrcggl,wt ithes a¢raws iy serewt hales 304, 306.
This” 3s t?:%egpcﬁgclt Q/gregl {oe9eshﬂ %8 gl%Sé}R ahtlﬁz%rdf ggrgsalhﬂunum for such
questlonvvlohavery I'g Geli e of coverage, 1.

buswsrke MhicH has pesnf disdoverdetd afgam fundwinesd coaahgs;terg cahhlynum oxide,
insul at n perspective, The - electrically insulatin
Whl%ﬂselapams‘f #ipr. Hethe daterfages. Kis ipepat 4@ (the £BYiTqnEneRd B Which the

bus%&‘i%coglg&%y afré | pg?stewa ! tdgcgg ifi Eﬂ%tqo Rfl? E\Zﬁéﬂt %ssn?émﬂr@%?ﬁjth@ Interface.

In sogieataseelthe fngytatingecoatihg candesntli i taycipg apéfor icasboaszation at the
) \QEI I st el ea&%rl caI ns re al thermal . b
Interfacs, gventuary an re #‘ﬁr‘ﬁﬁ“’o‘kf © PR¥ dofenthircge becomes

mort @eddaer mal budget for the circuit elenment, e.g.,
magneti c i nductors operating at high pul se rates, and
th & hahibgén vepoaer apm/\mlutldrihéo rteis aproblenrtry plase a coating, e.g., a

PEAR biyRuH he L R B gl RRAo PR 5 suppica

by ﬁ!éfﬁ’éld m&s 8, th€ bgIs6@kurBicep BY HieCRlswoalp Oxhile RS bisisin insuring
of which can be utilized to dep03|t a

the @Jéf?@f: Qlf ny: Ruserk is| elgctrgally candustiye gad dikibearasinne dhgeyer, such
. 500,
coat% % g.' 'th? %ﬂg%f‘? Eolr%ﬁgﬁg{roo% ly 291 ééﬁgh}lz}zgg? F@fe@g ln?ci fre relatively

veryl frsgxlaamch sulijb ug I@otnlparmmé ldyte, C@gdm&cm&hﬂm z&fdl adrasiors udhis then
r. al u OXIde r other sjmlar ceramc
teadsfa e é? ectwm%'a} &ﬁﬂm%fgvr the iEndeHPHPe de, or
Ca?ﬁgﬂﬂiéﬁht@)ﬁéve'fhﬁﬁcg ehANHi1LASP B¢ a?ir elgét?d%dmgﬂaf %oatmg, e.g., an

coatings, an anor phous formof carbon
electrplels dlmmthg rttié mdvanidpes dEpogi, tai 6herp rFohxeseatﬁrg dowrelectrical

TS B e ol o S P B M cime
implYEdtiinY ondinehBe |Gl FBM HelikDtegiar TROMIE adcRrdi®@ontrol of the

substrat es on which the deposition is nade, form ng
coatyngr withte materiahsuabhast clegtwless sucksi, rapplied efr, cy plating pragesses, the

control of which is well known in the art, can form a very robust coating that resists
degradation from, e.g., scratching or abrasion and at the same time very effectively
controls the resistance, e.g., surface resistance greatly improving the effectiveness and
reliability of high pulse power circuit buswork.

The above described embodiments of the present invention are intended only for
explanation and illustration purposes and are not the only embodiments in which the

present invention may reside. Those skilled in the art will understand that many
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10

free, but exhibit the necessary electrical resistivity
and thermal conductivity. Such coatings are supplied,
we 2005/00i853 appl i ed Coatings, Inc. of Colunbus , PONUSE®4/018941
an exanple a DLC coating, e.g., D anonex, supplied by
D anonex of Allentown Pa., can be provided in the
range of .001 to 10 mm having a resistivity of between
modifi€ions 20d EhzﬁigBS tembeanstienot the desdridedembodinchnet withdwt changing
essentially |like glass or netfal. Parylene, useable in
the injgnt gne SBRIER tthedfreieﬁé inyeateht ?W@mnl% he coolfrd passapss need not
f t
be o AN RRENTA €108 LY ERS o BEHIKRHnk ERIAETS in the
embortixh@tts ﬂeecnbeﬂ; ehd ln)a,y, e.gg.throaghy &mm&m aepgs ntultgple pc@@@s gorming

e b B, L300 B P BENG MRSt it R i ovens

e.g., YRGB nfiafly Qf%ﬂﬁ§ ithd Sht@D3ORRE df0eLQrMR hbesiBO by BR mandrel, or
coating. Parylene also has a high resistivity in the

may beaoiyer thian aboigel, 299®vemich the Fégureﬂabuh@b}’ be ghat argle to the vertical,

o oGESHEhEeo LA s SRNDERIN RES TR, 4 BB i

certaiﬁoaiﬁe@& ef %@ﬁﬁhﬁu@ﬂca@ nﬁﬂhmﬁ:@ diffeenb @ssesetdy tbcb‘hmques besides
anot'her aspect of the present invention the qﬁéh1nu

brazu@mm;r $4m@iy wite serewed oF beltndi@npestionh WitheWHaRle sergnggbe-» with o-
t

Sl TR OGRS O RLLR, iR 02Ot hune ol

of thd gfhedtiel lhiderandiledal aquisdlamdof f s out si de of the housing
200 (not shown) nmay suffer fromdeterioration, e.g.
of conductivity, especially as interfaced with another
nmetallic conductor, e.g., at the screws in screw hol es
304, 306. This has been discovered to result from
presently utilized bare alum num for such buswork,
whi ch has been di scovered to form unwant ed coati ngs,
e.g., alum num oxide, which is an insulator, at the
interfaces, due in part to the environment in which
t he buswork conponent is present and/or in part to the
current passing through the interface. In sone cases
the insulating coating can result in arcing and/or
carboni zation at the interface, which eventually can
result in failure of the assenbly, e.g., as arcing
beconmes nore intense. It has been proposed as a
solution to this problemto place a coating, e.g., a
chromate conversion coating, e.g., ChemFiIlm e.g., of
specification ML-C 5541 supplied by Sheffield Pl ates,
on the exposed surfaces of the buswork, which can
assist in insuring the surface of the buswork is
el ectrically conductive and inhibit corrosion.
However, such
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coatings, e.g., ChemFilmare difficult to apply in an

adequate thickness and are relatively very fragile and
weu)s@oi8s8 0 conprom se due, e.g., to scratchi ngCamg2004/018941

abrasion. This then |leads to the ineffectiveness of

such a coating for the intended purpose. Applicants

have found that utilization of an el ectrol ess netal

coating, e.g., an electroCEAIMS ckel coating the

ges of, e.g., a ChemFilmcoating - |ow
UV@?Q@%hﬁtal resistivity and good corrosion resistance
1. cam begasi cﬁi‘t%ﬁ e‘ﬂérﬁéh@ Hﬁvﬁl@ 8 nRhEHdTERE aispb{iml a'r&ﬁlﬁ' aWeAtrally

of using the ChemFilmor like coatin

locajedcepra suppovrmemnberdiavingat besttona o Stuppw netreher afall,sqmipnsmg
as e I applied e.g., by plating
pr océeogés;ge§% Cé)Oi;aBﬁ][Ife& of which is well known in the

ar ta c(@amﬁp@ﬁmoalaﬁedswdt -obust coating that resists
degradation from e.g., scratching or abrasion and at

t het @aﬁéltst @ﬂfetemnyec‘é¢¢ e@t‘lemv &loy Raseaged p@ntmned within the core

s SHE Sy AT RST oS LR
ﬂovmpamagetto h)lhsmxt kvithfrhihe abﬁ\/sappkﬁﬁ filehibedl W@Hbﬁdﬂgm&i@b&nﬂﬂow path

resen% i ny ntlon re i ntended only for
Wlﬂe& Eﬂ? erst o ShStaRi PPTUGB (R Hh COFF PIAPPE dBambas vall fsom she gose support

coo%ﬁ%%le%%’ﬁfi‘d&?é‘&%ﬂn]@cmmrb ke present invention may

resi de. Those ed In e art will understand that
nanynndlflcatlons and changes nay be made to the

de ri bed t hout. changi ng the intent and
2. spi HieePaer Pé‘?gni“}/‘\%‘ﬁfé?mﬂrﬁw ‘For exanple, the
COQJadinborR @ﬁﬁﬁﬁ?&)oﬂ@@ HoWPasie 1oL d¥haluh¥ation with a fluid

corresponding to the center "axis of the housing or the
compygpdeasion adenum atteacteersbefi eaemrespettive cotsetipperh doaienyt flow passage,

L LTI I TR Tk .

firstdie ofdidicgpectioc 68 BupiRritRSRAf 5w fagdagexX i inRt lenum for at
circunferentially around the central section of

least p geaqnd oppgt e r@%’ectﬁ@r?efeeﬁuppelft Cﬁﬁlgmb‘%owheagqswé@ngihg coolant
ﬂov%’l ﬁé:tp Ak theQ:%reSJﬁ? ePoth8nTel Ut[l@ Sorel ggdlj?é/%o@ t %[1

& to the vertica or ot er sirm |ca |ons.
The enbodi nent s descrlbed may al so be nodified in

certai n aspects, of ¢ truction, e.g., utilizing
3. di fihsapRTa Qéﬁﬁi‘@ztfgitﬁ i GUEESHesi des brazing, e.g.,

si Rd ¥ 1¥Ast B ﬁ@ﬁro%%fjﬂﬁrreéf)@!:ﬁ\%dco%%@ 86 er%@%g@é iR single core

sui tabl e sealing, e.g., ori ngs, he scope o
Supmdreccmlagélw passagatand the at lh@s‘eet mcend shoof tie bespedivsicdelaedflow

t of the a ded cl a| ms and | egal
pass@% |1\/%I %ﬁﬁh‘ﬁ\?@rﬁ Pﬁ%ggﬂ%‘fvl‘ﬂa SSPESA magnetic circuit
el enment haV|ng a magnetic core disposed around a
centrally |ocated core support nenber having at | east

4. ond'hedipparatys 9é elaimerfsehergaprisghpr i si ng:
the at least a first one of the respective coolant passages is a plurality of core

support coolant flow passages and the at least a second one of the respective core support
coolant flow passages is a plurality of core support coolant flow passages.
5. The apparatus of claim 1 further comprising:

the core support member comprises a flange extending from the core support

member, the flange having an inner dimension and an outer dimension, comprising:
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a core support coolant inlet; a core support cool ant
outlet; a plurality of interconnected coolant flow
woassages3cont ai ned within the core support mnmeROBUSHE@HA18941
and i nterconnected and arranged to pass cool ant from
one cool ant fl ow passage to the next within the core
support nenber wall along a coolant flow path within
at ?T%R@aity ialf &gﬁﬁbmﬁﬂea flapge dotant Gowt Ihaslsacgeg e}_(tSI:ltﬁﬂg) Elitemaﬁcively
er wal, romthe core support _coolant jnlet to the
towagghe IBRES Wmensiesandvay drqre the orterdigensiomand then Kywagd Hefuter
. f.ur h<I . - CO r
i B R b S A b AP AR bodlafolet and
the commauppot abolomt itlenum at each end of each respective
core support cool ant fl ow passage, wth each
respective fluid communication plenumform ng an
6. OUThéﬁyt)ﬁHr@cﬂéJHféléﬁn Pﬁn{h%%émﬁriiihgﬁt one of the
respective core support cool ant fl ow passages and an
i nhépuphgpurtaining the mhgrstic caresamdmore Bppodimenker, the housing
respective core support cool ant fl ow passages al ong
COmpAT& ool ant flow path fromthe core support cool ant
inlet tanblgng®an; support cool ant outlet. 3. The
apparatus of claim2 further conprising: the at |east
a first adeusing cotlentidehecti ve cool ant fl ow passages is
a srnglghgggg §&ﬁ£&&%ﬂ§oolant fl ow passage and the at
| east a“second one o0 %e respective cool ant fl ow
pasphgelstyiof itersbmgpced housing upgatit{lovo pasamdes fcbmained within the
passage. .4. The apparatus of claim2 fufther
housgagnyypk %a%terﬁwea&eg padarangefl s passshalapt fromene seplaritiiope

pass%%égtlbq}i‘é n %ﬁﬂﬁ?ﬁleih%uﬁng nlw}éﬂl?a%drfgya Qoldr® HBwSIHRPRithin at least a

ant oW passages e at | east a second one_of
substdnéiak e bf the hoosieg wald fiont thedwobising cddlont ipks toathe ousng

luraljty of core support cool ant flow passages. 5.
cmﬂ%ﬂ@“ﬁﬁ%aratus of claim1 further conprising: the core

support nenber conprises a flange extending fromthe
core support nmenber, the flange having an inner
7. di rbaspematapdf elpingd fietheg icompysiog, conpri sing: a

T

comptisiegsi on and away fromthe outer dinmension and then
toward the outer_ dinension and away fromthe inner
di mensi éhoupag¥@Bh t he core support coolant inlet and

th t tlet. 6. Th t f
e cor%#%pgﬁgggdgagh@p_ outle e apparatus o

claim1l r conpri Si ng:
a housing coolant outlet;

a plurality of interconnected housing coolant flow passages contained within the
housing wall and interconnected and arranged to pass coolant from one coolant flow
passage to the next within the housing wall along a coolant flow path within at least a
substantial portion of the housing wall from the housing coolant inlet to the housing

coolant outlet.

8. The apparatus of claim 3 further comprising:
a housing containing the magnetic core and core support member, the housing
comprising:

a housing wall;
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a housing containing the magnetic core and core

support nenber, the housing conprising: a housing
waoabdsiomshousi ng cool ant inlet; a housing cool 2aT/US2004/018941

outlet; a plurality of interconnected housi ng cool ant

fl ow passages contained within the housing wall and

i nterconnected and arranged to pass cool ant from one

cool ant afHomsinpasslagtenkteg t he next wi thin the housing

wal | al o a. coolant flow path within at |east a

subst antd KUSHE CPPIaN WElet he housing wal | from t he
ho ‘dfldh'ﬂghﬁ%id ifREcohdoRld Ho%sfhg %o&‘l‘ﬂﬁtsﬂ&g Séégéér&bnféiﬁeh%thin the

he apparatus of claimZ2 further orrpr|S| ng: a
houmgxsvlah @nd mtmpmqq@dtahé arra@aétto passaoelaahffomome coalapofiow

passHBL: R "ot B s R At SR STl et iy teast

subspdritiaBportivn OF tHeHoREiee MABGERE (Hrausisig ceeRheRlet td @Whousmg
assa}ges contai ned wthin the housing wall and

coolppft@ttlebnnect ed and arranged to pass cool ant from one
cool ant fl ow passage to the next within the housing
wal | along a coolant flow path within at |east a
9. sulldeapparatuspdtlimd fofthdrikempeisimigng wal | fromthe
housi ng cool ant inlet to the housing cool ant_ outlet.
aﬁ%lSlas SAPEIRS [GF MAgBEtiA PTe ARd eREP SeRRPBrRETRe: the housing
ng containing the nmagnetic core and core support
Comﬁgr%%g , the housing conprising: a housing wall;a
housi ng adumls'mgtwailhl et; a housing coolant outlet; a
pl ural i i nt er canpect ed housi ng cool ant fl ow

t
passagesaylloélﬁ’lnglcﬂglan in the housing wall and

i nt er connNgrkRg cBdn@iRAged to pass cool ant from one
cool ant fl ow passage to the next within the housing

walalpledabtygpianissohsgeted homping spblani flon passageseantained within the
housing wall and interconnected and arranged to pass coolant from one coolant flow
passage to the next within the housing wall along a coolant flow path within at least a
substantial portion of the housing wall from the housing coolant inlet to the housing

coolant outlet.

10.  The apparatus of claim 5 further comprising:

a housing containing the magnetic core and core support member, the housing

comprising:
a housing wall;
a housing coolant inlet;
a housing coolant outlet;

a plurality of interconnected housing coolant flow passages contained within the
housing wall and interconnected and arranged to pass coolant from one coolant flow
passage to the next within the housing wall along a coolant flow path within at least a
substantial portion of the housing wall from the housing coolant inlet to the housing

coolant outlet.
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substantial portion of the housing wall fromthe
housi ng coolant inlet to the housing coolant outlet.

w0 .2005he18appar at us of claim4 further conpri si ngCTAIS2004/018941
housi ng contai ning the magnetic core and core support
menber, the housing conprising: a housing wall; a
housi ng cool ant inlet; a housing coolant outlet; a

11. pl Uitel dppgravfs of nlagm Gofumdhet exmprinisg:ng cool ant 1 ow

. tajned within the h [ wal | d .
B BORIERA e e SHRRREBEmPY AR Lo aheadt # BRitisnet an
elec®Rl atberft QW Mﬁ)@ﬁﬁlg}% RoshERivBRX bt b laipﬂnidﬁeoﬁ%?e@tgve one of

wal | along a coolant Tlow path within at |east

two Syrps eecnil she pegnetiogorsf t he housing wall fromthe
housi ng cool ant inlet to the housing cool ant outlet.
10. The apparatus of claim5 further conprising: a

12. houBiengparanisaif bialig 7t hethepgiepliingor e and core support
menber, the housing conprising: a housing wall; a
hodd¢ hepsingoangithe ¢oip seppoat membeirych Sumng atdeast aportipn of an

elecggéség g%rgég% (le(é&vt ﬂgzlﬂ{ng%&\jﬁm{kp ﬁei%hgc?#é&uh 33 188kt %%ghﬁ?xtoafiﬁlldrgyﬁective one of

ousi ng “wa

twoitirhe aond elod magretid caver anged t o pass cool ant from one

cool ant fl ow passage to the next within the housing
wal | along a coolant flow path within at |east a

13, SUDSHCbhial RO AR, RkEEBARTANO val | From t he

housi ng” cool ant 1 nlet to e housi ng cool ant
outthehousing afdéhappa seppest mémbéadanh Gornfing stHeast a portion of an

onprising. th ousi ng and. t he core support. nenber,
clecf§AhEEi iy b PEREE SeoBit e BnoTradA RO GGG agpective one of
two G5 @funfl tiynRedelic totem ng, respectively, at |east a

portion of a respective one of two turns around the

magnetic core. 12. The apparatus of claim7, further
co ising:. .t Pg S] anthe core support menber
14. ea(r:)iﬁ1r efag)k) %1%}1115 ngg la egs aeg%or V5%t an
the housing and the core support member each forming at least a portion of an
electrical current flow path forming, respectively, at least a portion of a respective one of

two turns around the magnetic core.

15.  The apparatus of claim10, further comprising:
the housing and the core support member each forming at least a portion of an
electrical current flow path forming, respectively, at least a portion of a respective one of

two turns around the magnetic core.

16. A magnetic circuit element having a magnetic core disposed around a centrally
located core support member having at least one core support member wall, comprising:

a core support coolant inlet;

a core support coolant outlet;

a core support member cooling means comprising a plurality of interconnected
core support coolant flow passages contained within the core support member wall for

passing coolant through the plurality of interconnected core support coolant flow passages
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el ectrical current flow path form ng, respectively, at

| east a portion of a respective one of two turns
wanrosndigshe nagnetic core. 13. The apparat us oPCTiuaRowm/018941

8, further conprising: the housing and the core

support nenber each formng at |east a portion of an

el ectrical current flow path form ng, respectively, at
alorigemertolant flomt patinwithineat lespe sulisteatisl®rioén ofvbe torersapport member

ound the magneti ore. 14. The apparat us cl ai m
waBfiS1Be L aptcofnt Hictie Hianlt Sy Raonka: gkes
support nenber each formng at |east a portion of an
electrical current flow path form ng, respectively, at
17. | eabhie apppgtusiofplagn 14 frdkgpeomprisingne of two turns

etjcqcore. 15. The apparatus of clai.m O
caclf AR oD R s G S mamionl o8 ABPA R SPmRufidliPh Plenum
at eashndddrofeacthrefuctivéigora bupppsdootand Aot A8sa@E, With each respective

.electrical current flow path form n?, respectively, at
fluid garpmugicatipn plspumsfomning gp evtlehrlenyeiosfat leaw afirstene of the

. | [ [

e RS AERANGh 1 0F ol o ABEDLSS it scond ne
of tiemtpeativy cdro cappet wolamt Suppekiageeaibey theavblagt Adw patsSfrom the

one core su rt nmber wall, conprising: a core
COf%WBB‘FPO%%‘ﬁgﬁf 19 tgFeé?rF SHPRYIE £OAYHPYHEL cool ant out | et ;

a core support menber cooling neans conprising a

plurality of interconnected core support cool ant flow
18. pasBegepatstodiclhaed 1Rifutther cohprisimge support nmenber wal |

for, passin ol ant. .t hrough the plurality o .

| praf BREE 5 S8 Pb e dhr v gor SiPoricon b len sesaeeg
singde 6830 k@Yorf doRBWnP AW phkdabb Bndihel o8 Bkt PscBURBSRIVARY respective

portion of the core support menber wall fromthe core
corassyippert coelaw aw passhges it dsingls cooy BIPOI pOPlantqEslagat

outlet. 17. The apparatus of claim 16 further

conpri sing: each coolant flow passage is in fluid

19. corrhenippatatueof vlaih 13 fithdrdog@meitat cat i on pl enum at
each end of each respective core support coolant flow
pasBagideasip fstone AT thedpwertivecae SIRPORGAMR! RAssagsh is a plurality

of cQ}e%‘&g?&{t g&dﬁrﬁglo%e&y&geg bn @R Babi] sedbnd GRS lt@e Wlteisﬁgbttive core

one e respective core support cool an

suppatsagas famopasagesiset plptatiiof dove supotteaskntflse passdgane
of the respective core support cool ant fl ow passages
al ong the coolant flow path fromthe core support

20. COOlRMpphiahBof ERirh N8 fGMWE SHPRGIL: cool ant outlet.

the core support member comprises a flange extending from the core support
member, the flange having an inner dimension and an outer dimension, comprising:

a plurality of interconnected flange coolant flow passages extending alternatively
toward the inner dimension and away from the outer dimension and then toward the outer
dimension and away from the inner dimension, between the core support coolant inlet and

the core support coolant outlet.

21.  The apparatus of claim 16 further comprising:
a housing containing the magnetic core and core support member, the housing
comprising:

a housing wall;
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18. The apparatus of claim 17 further conprising: the
at least a first one of the respective core support
woaalsanisss| ow passages is a single core supporPCTaSk@nn18941

fl ow passage and the at |east a second one of the

respective core support cool ant flow passages is a

single core support cool ant passage. 19. The apparat us

of cl ai mhbusihgrcodlent ivletpri sing: the at least a first

one of the r.espective core support cool ant passages is

a pl ural? §$Bg%8@P@(§@§bort cool ant fl ow passages and

t he 1fusihg@ a8dlirk 669 08mPRASInef PlialifyTREEILbM BRI R using coolant

support cool ant flow passages is a plurality of core
flovspgspagies codainechwithinghe pewsagwell forpassingceglyy feomy gneéoolant flow

clajm 16 fur.the onpri sing; the cor u rt . [
pessigisthd Bet i s IR bl i S T R UPRRE T R Cast o
subdi@iaeportibh 6f fhle2dGSInE Wl TEord the HvaSing @boRASInRA tthd hdbsing
out er di nension, conprising: a plurality of
coolapt @ftlebnnect ed fl ange cool ant fl ow passages extendi ng
alternatively toward the inner dinension and away from
t he outer dinension and then toward the outer
22. di rMhesipparaian df elaky 17 futher bembrisiag: di mensi on, bet ween
the core support coolant inlet and the core support .
codi howping Gentainingthe magpeticoxe 31%4?%0% PURRIO| TRE BT ﬁ’ﬁh‘i’éﬁmg
com@ﬁgﬁéising: a housing containing the magnetic core and
ore support menber, the housing conprising: a housing
wal | ; a hdwssing vallpl ant i nl et; a housing cool ant
outl et; housi ng caol ing neans conprising a plurality
of inte Hﬂ@%?@%aﬂaﬂ 'ng cool ant flow passages

cont ai nethotkinBicBolhMeodiietisi Ng wal I for passing cool ant
fromone cool ant flow passage to the next within the

hoadiouginggpoling roerps goppoisiasta Muelitypdiitterionmgoteddhousimgspolant

floflpfi B e B B8 Bt Sl S SteRgnd Bogta b pootant low

passdge tolthe nagpaiflah e lusidkaidn dldngd acddiatt floonpdth Withgh atdeast a
housi ng contai ning the_magnetic core. and core support
substaniisd portion of thedwnpige swsbidFon thehousing sqelapginies te the housing

coolant outlet.

23.  The apparatus of claim 18 further comprising:

a housing containing the magnetic core and core support member, the housing

comprising:
a housing wall;
a housing coolant inlet;
a housing coolant outlet;

a housing cooling means comprising a plurality of interconnected housing coolant
flow passages contained within the housing wall for passing coolant from one coolant flow
passage to the next within the housing wall along a coolant flow path within at least a
substantial portion of the housing wall from the housing coolant inlet to the housing

coolant outlet.
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a housing cool ant inlet; a housing coolant outlet; a
housi ng cooling neans conprising a plurality of
wonw@romsnect ed housi ng cool ant fl ow passages eomnta2owemi18941
wi thin the housing wall for passing coolant from one
cool ant fl ow passage to the next within the housing
wal | along a coolant flow path within at |east a
24. sul3tappdratus pHeleinoihO Hfrtheheohprisngtg wal | from t he

housi ng cool ant inlet to.the housing cool ant, outlet. .
25 3 Defing B P Ringdle Pogndia AotamrL T G PO D PR e Pausing

comPAKAENG containing the magnetic core and core support
me

mber, the housing conprising: a housing wall; a
housi ng adwusingwallnl et ; a housing cool ant outlet; a

housi ngﬁg@g%iiggg%%[eﬁ%ﬁﬂ gon‘pri sing a plurality of

interco ~cool ant fl ow passages contai ned

Wi t hi n bheukiassbdlgntwaklet;f or passi ng cool ant from one
cool ant. fl ow passage to the next _w thin the housing
wa a/hoysigg godlinggueann compefing atnhurality o intercoprestad housing coolant

oo . ‘ . ¢
o RSOl ho i B0 L B0 coolant v
passagy toethe Rékt vs'zli’dfisrll1 aRmausihy svadlf aledged moﬁeﬁlt ftlawt el within at le:as’zj a

conpri si.ng: ousi ng caontaining the magnetic core an
S“bséf’é‘rt‘é{ RUPpRPE t%ﬁéwﬁ%vg “iaﬁérq% thei hoysiag spelagt lﬁ&t t(hﬁ]ﬁ &Qusing
cool@d dutle® housing cool ant inlet; a housing cool ant

outlet; a housing cooling nmeans conprising a plurality

of interconnected housing cool ant fl ow passages

contai ned within. t hausi ng wal | for passing cool ant
25 ¢ rcn)[lrlﬂeﬁgar@tﬂiﬁp flping E@ SAYRIIBEt he next within the

howsjonsingRbhtaidirNfe hagRGiAre b PY¥rd Aligport th&thPerdthelRaSHg
a substantial portion of the housing wall fromthe

compysigEng cool ant inlet to the housing cool ant outl et.

25. The a%%%ﬁgtw%ﬁ; of claim 20 further conpri sing:

a housing coolant inlet;
a housing coolant outlet;

a housing cooling means comprising a plurality of interconnected housing coolant
flow passages contained within the housing wall for passing coolant from one coolant flow
paséage to the next within the housing wall along a coolant flow path within at least a
substantial portion of the housing wall from the housing coolant inlet to the housing

coolant outlet.

26.  The apparatus of claim 21, further comprising:
the housing and the core support member each forming at least a portion of an
electrical current flow path forming, respectively, at least a portion of a respective one of

two turns around the magnetic core.

27.  The apparatus of claim 22, further comprising:
the housing and the core support member each forming at least a portion of an
electrical current flow path forming, respectively, at least a portion of a respective one of

two turns around the magnetic core.
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a housing containing the magnetic core and core
support nenber, the housing conprising: a housing
waoabdsiomshousi ng cool ant inlet; a housing cool 2aT/US2004/018941
outl et; a housing cooling nmeans conprising a plurality
of interconnected housing cool ant fl ow passages
contained within the housing wall for passing cool ant
fromone cool ant flow passage to the next within the
housi ng wal | al.on ool ant flow path within at |east
28. 3 ﬁ%&%ﬁﬁ“ﬁ@ﬁ‘&"??%&ge&%@%% ng wall fromthe
hoysd MEisE@haMhe dddb Slpdo?t thigbdI XS REMERO st QHBIlti%h-of an
26. The apparatus of ¢laim?21, further conprising: the
clectirabéwpnhifiowipath foomings taspentivelyeatdeast e petiioh@f pirespesative one of
¢ 0Ieast a gﬁ%tion ﬁf an electrical current flow path
W Igpﬁ?lﬁ)&? %%%’lﬁ ?/8?13‘7; at least a portion of a
respective one of two turns around the nmagnetic core.
27. The apparatus of claim 22, further conprising: the
29. hodiengrapys chelain 26, Bithplorammiistager each form ng at
l e ri e ' [ f
t orTs bR Slre BbrEr i b G ack Ml 30 BBhidn of an
electriapagteny lowipatioformn, tspagivalypaticast h@orgrdtairespective one of
core. 28. The apparatus of claim 23, further
two by Atound the m3geHpGeng and the core support menber
~each formng at |east a portion of an electrical
current flow path form ng, respectively, at least a
30. poriheanpatua of elape 26 fnethenengfrisingd t urns around t he
magnetic. core.. 29. The apparatus of claim.24, further
Co A G i SHs GRAPHASE U et prbtapton of an
elecBRADNCURNITIOE fath fRRSls, fesP&tiveBNatQbast R pBHRMldTiaGBpective one of
current flow path form ng, respectively, at least a
two pamns aonndthesmagnspieceieve one of two turns around the
magneti c core. 30. The apparatus of claim25, further
conprising: the housing and the core support nenber
31. each rh@héd @Igco@lin% aasdgnatiPeikduitierdént dbviak @Ghddnefit core disposed
current flow path form ng, respectively, at |east a
arousgra Gepalbr logated spre SHPRAST BISEbET haviRg atdeassong ¢e suRPeE member

wall "B diffg:cOr €

providing a core support coolant inlet;

providing a core support coolant outlet;
cooling the core support member utilizing a plurality of interconnected core
support coolant flow passages contained within the core support member wall passing
coolant through the plurality of interconnected core support coolant flow passages along a
coolant flow path within at least a substantial portion of the core support member wall

from the core support coolant inlet to the core support coolant outlet.

32.  The method of claim 31 further comprising:

placing each core support coolant flow passage in fluid communication with a fluid
communication plenum at each end of each respective core support coolant flow passage,
with each respective fluid communication plenum forming an outlet plenum for at least a

first one of the respective core support coolant flow passages and an iniet plenum for at
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31. A nethod of cooling a magnetic circuit el enment

havi ng a nagnetic core di sposed around a centrally
woOaoeEtessor e support menber having at | east ORETAIS2M4/018941

support nenber wall, conprising: providing a core

support coolant inlet; providing a core support

coolant outlet; cooling the core support nenber
leasyistdonidvge af fheuespettive ablanh flewgesmages aong theeoslappidew path

cool ant flo ass cont ai ned wi.thi.n the core

fronf 12, 0Y SuppH PO AT 1T 4 ST COBPE OV R U  he
plurality of interconnected core support cool ant flow
passages _al ongl a coolant flow path within at |east a

33. subklicanethad opelpim 34 fisther gempdsing'support menber wal
fr I I i t to re .
sun s s B R 8580 ol Pk ob iR il especsis o

sindlelcdrb suppongiolit Agw pisegt agd drcl oy £sestppord ofBetapéctive
fl ow passage_ in fluid conmmnication with a fluid

cor: FRATHCEAENoP b PaTiagRSdE 2 SREH OHUSWPOE seplaptriseage ve
core support coolant fl ow passage, with each
respective fluid comuni cati on pl enum form ng an

34. out Tletmethed aficlhion 32 futteasomarifing:st one of the

respect. v re support cool ant fl ow passages and.an .
| n11BE S arFH e 4 FRESTPea e UTBRE P laipBAssages s a plurality

of ORSRBHSt ¥E018RA AN badsh Y HA BRI Es@] QRnd b SORL 9&,@) ctive core
flow path fromthe core support coolant inlet to %e

suppeit eoddup Slomt passagdeant a plutdlisy of @®lanTHewrpessagds.of cl ai m
32 further conprising: the at least a first one of the
respective core support cool ant flow passages is a

35.Si NMAEmeBbE oBEIBRR B figdR adihpfisiay passage and the at
| east a second one of the resﬁectlve core support
c odraviding theweers suprpssmeEmber with g flangepdensding Gpm the edrgsupport

S 4 . i h r. T
0 HIE TR A28l ATt Gy LB compring
cor@olinpfierflange elithrd plpadisasfdateic®nacqiddiflaidetapoldht 6% Passages
%g ort coolant flow pass(i?ges .and t he a%r | east a _. .
ext g&?&w%"?}f/ tevrdribs Pet finensioh and ARELFPmBE PEiF dimewion
andRASSRHUER] the ofiteP thﬁéHsisJ&’ @fa hg?ﬂoﬁp{hefwdﬂﬂm%m%gn the core

The method of clarm 31 tfurthér conprising: providin
suppéré cenard islappulthe nenetseppast tdvlant bhidetge ext endi ng from
the core support nenber, the flange having an inner

di mensi on and an outer di nension, conprising: cooling

36.t herHd aaeed W E1Rin@ 3 P IRl cétip@éing:nt er connect ed flange
cool ant fl ow passages extending alternatively toward

t hebrpvidimg adiaveingicontainiag theageghednearh end cotgrsupparbmsinder, the

housing comprising:

a housing wall;

a housing coolant inlet;

a housing coolant outlet;
cooling the housing utilizing a plurality of interconnected housing coolant flow passages
contained within the housing wall passing coolant from one coolant flow passage to the
next within the housing wall along a coolant flow path within at least a substantial portion

of the housing wall from the housing coolant inlet to the housing coolant outlet.
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and then toward the outer dinmension and away fromthe
i nner di mensi on, between the core support cool ant
wonbwstoomssl t he core support cool ant outl et. 36PCThS2004/018941
met hod of claim 31 further conprising: providing a
housi ng contai ning the magnetic core and core support
nmenber, the housing conprising: a housing wall; a
37. hodl"shemgethcarbb%\crlaimhlﬁmheacmlmiéimg cool ant outI et;

coal i ng. housi ng uti | | ura

et Binrddeaaon st bE i i e fad g Sunosmgmhthe
hou¥¥hj BbM ﬁﬂﬁghou5|ng mall passi ng cool ant from one

cool an? fl ow passage to the next within the housing

wal | al gripuaingaeiliant fl ow path within at |east a

substantl I rt| n. of .the housing wall fromthe

housi ng c}g)ulsi%g 1%Ptllujetto t he housi ng cool ant

out | et . Jhousing cﬁslaﬁo@htléf claim 32 further conprising:
grOV|d|ng a housing contalnlng t he magnetic core and
c00

de dopyee ptikkepgaplureliz of 6@@‘%@1‘3@@%}%&% goolantflays pasgages
conf@ﬂ P’mﬂml?ﬁ{ésﬂoﬂgl E lﬁﬂlrssﬂl@:(%l q’rcl?l? Hﬁé 881 ﬁc@\p;%assagfz to the

cool ousl I|Z|ng a p
next' wttmndhm]ﬂtmsh%dwhib alsohgg cc@iahtaﬁttw phthwiirids asiges a@ﬁbdtaitiaeﬁortlon
Wit hin th ous wal | ssj ng .cqol ant, from one
of thefiisiie Al @Jélqg&wﬁ@ tomethﬂuﬁmgweohaewtﬁb

wal | alongacoolant flow path within at |east a
substantial portion of the housing wall fromthe
38. ho%engethmbbﬁcdaimm ﬁntlleoccrmﬁisﬁmgjsi ng cool ant outl et.

met hod . of , cl a|n133 furt er co
o TG B SRR RS RGBS RS S0P SUBa BeRbes Hsgmeine
con%amh er, t he housing conprising: a housing wall; a
ousing cool ant inlet; a housing cool ant outlet

cool i ng ahessingealhg utilizing a plurality of
i nter corgirr}l%%% %nggﬁ”ﬁ%tcool ant flow passages contai ned

within t passi ng cool ant from one

cool ant afﬂ@ﬂinga;sslaga)dﬂu,t he
cooling the housing utilizing a plurality of interconnected housing coolant flow passages
contained within the housing wall passing coolant from one coolant flow passage to the
next within the housing wall along a coolant flow path within at least a substantial portion

of the housing wall from the housing coolant inlet to the housing coolant outlet.

39.  The method of claim 34 further comprising:
a housing containing the magnetic core and core support member, the housing

comprising:

a housing wall;

a housing coolant inlet;

a housing coolant outlet;
cooling the housing utilizing a plurality of interconnected housing coolant flow passages
contained within the housing wall passing coolant from one coolant flow passage to the
next within the housing wall along a coolant flow path within at least a substantial portion

of the housing wall from the housing coolant inlet to the housing coolant outlet.
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next within the housing wall along a coolant flow path
wthin at |east a substantial portion of the housing
waoabds/obrsssn t he housi ng cool ant inlet to the hoRreTMg2004/018941

cool ant outlet. 39. The nmethod of claim 34 further

conprising: a housing containing the magnetic core and

core support nenber, the housing conprising: a housing
40. walllhg met]hmﬂmﬁaig’rmiﬂ)ﬁmher ¢amhreisinga housi ng cool ant

outlet;. C i ng the housij ut|I|2|n Iurallt of

PR 8 ebI R RSP e G Py SReB e fracthe
houdthd Bdfpdidige:housi ng wal | passing cool ant from one

cool anlt) fl ow passage to the next within the housing

wal | al edgusingoalllant fl ow path within at |east a

subst anti.al .porti.on o t he housing wall fromthe

housi ng a&%’&?%ﬁt ?lﬁf‘telp efo t he housi ng cool ant

out | et . 4thouding coBlahoshtief; cl ai m 35 further conprising:
provi ding a housing contalnlng t he magnetic core and

coolang the opieg vtilizing a pluraliz oh BreFonpceistiorsing goolantilovspasepges
confﬁ@t P’wﬁuﬁ]fﬂﬁ{oﬂ&n% lﬁﬂgsﬁgko%tl t?rolﬂpgﬁé &)%lei%? ?loaﬂ%aﬁsagg to the

cool iZing a plural
next wﬁlﬁmmnliqtam@dwﬁbwlsn@lg lc@@:l@[htfﬂdw ﬁith\mjnﬂﬁxs St?l@ﬁ agobstaitiabportion
withint housj ng wa pass cool ant, from one
of theuging va "Y rﬁé%%ﬁ@)élqg&whét fo thethomping geolppt ity
wal | al ong a cool ant flow path W|thi n at |east a
substanti al portion of the housing wall fromthe
41. hoUsemgethabbelaim 36, dtrthey compribiogsi ng cool ant outl et .

o o e
electrﬁfaﬁéur@en@ A6t Rt Rrma, ?és?é‘étfvb@abt 1644% b Bt dnl STW Bfebtive one of

form ng, respectlvely, | east a portion of a
WOW@Q@@W@&W%@W&W turns around the nagnetic core.
42. The nethod of claim 37, further conprising: the
housi ng and the core support nenber each form ng at

42. | edHe methed bf @8In087 a’ﬁﬂﬁér%ﬁinﬁ)h@l@g current flow path
form ng, respectively, at |east ortion of a

r edhheusing %\Qéh%ﬁmﬁ\ﬁ)épﬁoafrlﬁ%mh‘?rcﬁeﬁ]éi Qrpungeidast p pogignofan

electrical current flow path forming, respectively, at least a portion of a respective one of

two turns around the magnetic core.

43.  The method of claim 38, further comprising:
the housing and the core support member each forming at least a portion of an
electrical current flow path forming, respectively, at least a portion of a respective one of

two turns around the magnetic core.

44.  The method of claim 39, further comprising:
the housing and the core support member each forming at least a portion of an
electrical current flow path forming, respectively, at least a portion of a respective one of

two turns around the magnetic core.
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43. The nethod of claim 38, further conprising: the
housi ng and the core support nenber each form ng at
woOeasstoosssporti on of an el ectrical current fl owrPpatis2004/018941
form ng, respectively, at |east a portion of a
respective one of two turns around the magnetic core.
44, The nmethod of claim 39, further conprising: the
45. holse meptlaottofi dhamc), furthep pomprisiegrber each form ng at
| egst, a porti.gn of an electrical .current flow path
¢ ofte s 28k e prOudnrhied fal” Mgmiticat el 3 bortion of an
electrRERAGEY BoRHatOforhiMg iedﬁsééﬁvag,oam@bst Qﬁoﬂm%%lr&sppctive one of
core. 45. The net hod of claim30, further conpri Si ng:
two tuiss #ourd Hy rasghetiheoteor e support menber each forning
at least a portion of an electrical current flow path
form ng, respectively, at |east a portion of a
46. r egheappatatus b€ clafm U Wortlidd compeisiagnd t he nagnetic core.
46. The apparatus of claim 1l further conprising; at )
| edkleagpue highvalisge plysicghgampanientofiie magnetis cirgyi element being
. . . : . .
clecfFRARF phdep €4 Ll SRR orlhR o a8 LEL 00 bGP IRE
magogar @tduttrel@fierithe magnetic circuit elenent; at | east
one, common vol t age_physi cal . conponent . bei ng .
el au%%t@alr: ey oeE Pfeysg?ak%@ﬁleaf??eg%ﬁﬁ%@aa%}%b@ toa
comfHdhl PErAinde@3skak d%ﬁ%l% aPleadt Iag)aﬁﬁﬁ'iﬁé b¥atfdn dfBe magnetic circuit
magnetic circuit elenent; the at |east one high
elemeni;t age conponent and the at | east one conmon voltage
conponent  bein ositioned with.respect to each other
SO i 35 P §fase sBRErant opd HER it p e PRio Vel fien
comPbnénf Beink POsi¥iGhé BERN ERPER AEBdchIMbrsHEh SANIAERsY 8 bbABA of a
conponent require electrical insulation fromeach
surfaseresa ofeael obthethiah valtapeeerupaensat amdihe pommegerodiegpemepanent
requtd1dc cal fHElliato ?Ijohlatf%%{l ﬁﬁq@one”t being coated on the
respective portion o € surface area of each with a

t hieacH ofl the af lchit@he highivelthyd dompondntinghihé banndh voltage
condugt ance material. 47. The apparatus of claim46 .
compppenk ping SRAES on iy resnsstiyhpgrtipn phiesurashpa ehrash wath a thin

ﬁlmgfg]%}i @Lisﬁglkf&{(ﬁq%ﬁ {}QH}IQQ%H&ECSMS Ahati@liecul arly bonded

I'c and i norgani ¢ conpounds having sufficiently
hi gh electrical resistivity and sufficiently high

47. t hﬁrhrerglppgrgﬂg %%tcfa}/rh t4g further comprising:

the thin film is comprised of a material selected from the group of molecularly

bonded organic and inorganic compounds having sufficiently high electrical resistivity and

sufficiently high thermal conductivity.

48.  The apparatus of claim 1, further comprising:
buswork elements electrically interconnecting electrical components of the
magnetic circuit element having external surfaces coated with a thin film of an electroless

metallic compound.

49.  The apparatus of claim 48, further comprising:

the electroless metallic compound is deposited by electro-plating.

31



48. The apparatus of claim1, further conprising:
buswork el enments electrically interconnecting
weheistwissal conmponents of the nmagnetic circuit perasent/ 018941

havi ng external surfaces coated with a thin filmof an
el ectrol ess netallic conpound. 49. The apparatus of
claim48, further conprising: the electroless netallic

50. cotheapyhratss deglaisi 4 2fhrthyr edrepisiog:pl at i ng 50. The
P ot Pt b ST B e i

n1trl&x Yapphire! @8mofd, WM Rikd Edrbish (Iﬁ?@)o Bf ﬁe?ryleﬂé a nond,

di'arond-11 ke carbon (DLC), or parylen
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