CHAPTER. 10

DC ENERGIZATION CIRCUIT

10.1 DC Current Regulated Power Supply

The PEI 1R pawer mipply [1] ta e pravided for the solenaid in & special Fermilab nnit
deeigned for mipereonducting loads. The electrical inpnt requirements of the mpply ace
ARMY ¥A, approximately 2404 af raked etpnt. The PEI 1A in & twelve phase thyristor
water oonled rectifier nmt with precirion feedback current remilation; it in provided with
merien/ paralld taps for bath primary transformer eonoections and cutpit B8R granping.

The power mpply taps can e ret at MV RINA ar LEY /RNA. It in preferable to set the
perveer mupply tape ah LEY/BONIA becanse the averall aperation in more aficient, the power
factar in hekter, And the Ae loading And de antput ripple mltage are ceduoed. The difreces
are ligbed in Table 1.1,

The feedbark regulator han an inkeroal current transdnetor to regulate eureent to within
(.NE%. The pawer mpply in expected fo remilate the curreot to within 001% [, Ao
internal shunt is ueed for the panel ammeter monohed on the oot of the supply The
internal fransinetor mearures the mm of the filter enrrent and the lord cnrrent and therafore
in crder tn regulate the load auorent an external precision Halee 5000 Amp fransduetar [3)
18t be ingtalle] downehream of the ripple filker And dump resstar. Thin devios will provide
the curcent ferdback mignal to the power mpply cemilator. Internal statm of the power
mipply in manitared and A mmmation of ita internal inkerlock ptring in neceeaAry for fro-on.
External parmits and interlocks alen ean e introdinesd inka thisn mimmation #ia an avpilable
armnector. The powar mipply is prograAmmable. It can be turoed oo and off remotey when
the interlonlm are ready and reset. A precigion extarmal referenon in used to et the curmend. A
rate eantrol charein [4] will e installed to Lmit the rate of enreeoh change o the desied walue
(pew Chapter 11] during magnet energization. The rate enntral chamssin must e installed in
the power mipply At the power aupply megulator autput. Imetalling enrment rate onntral at
the seoRiti#e referemee input location will detariorate power mipply cnreedt regulation.

The autput powrer drmit of the mpply eookaios freewheeling dindes. There diades con-
et the qirrent decay when the mpply is fiimed] off. Becanse the power mapply and filter
choles Are not rated ta carry the decaying current during A conling water failure, An exkra
st of freewheeling dindes mized for A Alow discharge from full enreent withont conling waber
in therefora addes] twhind the filter. Thee diodem alsq prevent polarity revemal at the filter
CAPAhars.

The gronnded steal encdomire with interlosded doors and & lockable main poseer civenit
breaker Are rafety featren. A lighted front paoel provides operating statie.
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10.2 Ripple Filter

In arder to preveot mchernal electricsl noiee from being franamithed inta the quiet soviron-
medt: of the detectar & filter [B] will be installed on the cutpnt of the power mipply Each
polarity will cenneet fo & B0 A, 230pH chobe [8]. The chaken provide high enrrent capa-
hility with lowr lomr in A rmall package. They are constmeted with split laminated corea Aned
nee An economical mekhod of construckion for air gap reachom.

The slnmt cApacitAnes needed in in the range of SO0 ta AR pF. Farther drmit analyeis
anel mimmlation will tw requined to finalize the actial eomponent choiem and the exctent aof
awervaltage pratection equired by the capacitom. The dectoolyhic capacitom are probechesd
from reweree woltages during magnet discharae by the eewheeling dicdes. The capacitam
are oot expeacted to oequire An Active SCH oowbar dromiit fo clip mirges that wonld eeceed
their specificaticons [K]. The filter capadtor most have a minimnm opeeating working ol tage
af 2M1YVde, and A mrge mltage rating of A5Vde. The filber must be able o witbeatand
L2V e teat: to grommed.

10.3 Dump Switch and Protection Resistor

A BN Adef LUNY eontackar, sich an Siamens Allin type 713 [7], 18 provided as & dump
switch. A mimilar Allin type 7i1 switch is inshalled in the proton beamline at PEAQE. A
malid ghate switeh [R] eonld aleo e nsed; mich & witch in highly rdiable but af BI04 wonld
eoeate abanit AW lomees. Becaise the soleonid is deeignesd to quench withant damage withont:
A pratection resigtar. A bacloip to to the dump switch will oot be inehalled.

The aircaaled pratentinn reaistar w1ill e fabricated of stainles sted bam wAghing 190
kg welded in Reriem and installed in & metal enclomire [§]. The redntor provides & reeiatance of
AR % U1~ Ohm at APC o limit the faet dircharge wmltage to 2801V maximm ; ite bampearatire
riren te LINPC during & dincharge of BM.]. The midpaint of the protection reaistar I8 connected
ta gronned Ao that the mAximium oail mltage to geonnd does oot exosed 125Y peak during &
dircharge from MINA. The reairtor will reeonl in A bt 30 minntes following & fart discharge.

A frigrer fise ar reeistar oo the gronnded center fap of the protection reaistor will Limif:
nneapected goonnd fanlt mrrenta to lees than A0A. A gronnd fanlt detection chaseis will e
provided for the ceober fap.

The pratection resistor in conoeched in parallel with the dump seitch sa that the BNLA
e eirenit in newer fiully intarmiphed. This arrangement allowns the stored energy in the power
mipply and the flter choles to escape via the protection remisbor. A capacitar of abant
0NyF, HNY i inetalled Aeromm the dump seitch to suppress mpiles.

2



10.4 Reversing Switch

Hevermmal of the load polarity will be accompliches] with an availahle BINA de mechanical,
meterized polarity reversing switch [ and & switch eootraller. Polarity revamal requires
A dow discharge And recharging of the saleonid. Initiating a faet discharge heow the paint:
where the decaying eurrent cAn no limger cAse A quench can apeed the dincharge. Heweming
in expected to tale approximately A mimtes. Theawitch in presently in storage At Fermilab
anel will be refirhinhed for itn new ingtallation. It messmires appreximatey 4 feet per mide, in
flaer monnted aned reepuives no water conling. The eootraller pecforma the eritical funckions
which ammire that the polarity revemal aomim at zera load cnrrend and that the power mipply
iR turnes] off. Some medification to the operation of the exdsting mechanicsl timer gyebem in
the crmtroller will be required to intecface with the IN% PLO systan. A set of mainfained
elomeed [frrward) contacts or maintained open [revereed) coofacts can be menitored and
pelected by the PLC. Changing the stafie of the contacts begins & timing sequmes in the
armtraller which powern the mipply off to initiate o Alow discharge of the magonet. The built
in timing enohral of the contraller rewerees the Awitch after A prenet delay And releases the
prvrer m1pply rate confral chammn. The reweraing switch fiming eontral nees A motor driven
timer with cam switchea and in oot affected by power intermptione. Doee it in gtarted it
must eomplete A pequeee before it can be ueed Again.

10.% Crowbar

An awerwiltage protection erowhar [B] will e installed in parallel with the soleonid hetwresn
it and the reveraing switch. This erowrbar serves A A Aafety backup for the interlocks oo
the reveming switch so that in the ewent of equipment failure, the apearatinn of the reveming
sriteh nnder load doea not canee destrictively high +nltages. The aowbar wdill he set to
trip and limit the maximnm soleonid mltage to X0V perl above the normal fast discharge
wmiltage of 2RV peal. The aowbar eonsiate of eerecal back to back SCH's in paralld. Each
back tn back pet of SCH's han A perim reairtar to Aemiee current haring and At the anme tdme
elirei pa b the Atared energy of the soleoid. The combined weight of All the series reeiatam i
abent 3800 Iba. The crowhar in campletely self-contained] and does not require Aoy anxiliary
prwrer tao frip. The erowbar SCR wmiltage rating shanld be chosen at 500 Y. The SCH's will
break down if the crowbar firing fails. This pravides two lewels of proteckion: X0 Y and 50
Y.

10.68 Water Cooled Bus

A RONA de copper bis syetem in provided to connest the powe mipply syetem fo the
mpercomlneting laad. The ane-way distanoe fom the power mipply area to the Assembly

Hall Detectar lacation in approxdma tely 21 meterm and an additional 23 metems to the location
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in the Callisicn Hall. A shandard s constmietion, widely need in the Farmila b Experimental
Aren will be used [L1]. It consista of mipply and retirn candnetars of high condnetivity, 3.8
em mquare "donble acira sirong” copper pipe. A high impact PYC (ar equivalent) inmilating
pipe i Alippa] over the copper pipe for electric inmilation. The copper pipes Are joined by
brazing ar mlwer aoldering with straight eonplings ar albowns A required. The joints ave then
inmilated with shrink-on Aleewea. Copper age are brazed fo the eods of the bus for cable
attachment. A suspension syetem of [Tnistrit and pipe clampa will e reqiiredd to rante the
. Odoe set of lage tapa off the bus at the Ammanbly Hall location for the detector aned
anather in the Collinion Hall. ¥Water enoling in Acenmpliches] with LOW hose eonnections
ta the bus end capa. (Ymertemperatire switches Are inatalled near the cable connection fage
ans]l theme are wire to the interlock eyetem. The watercaonled s can dissipate Al atared
energy if A famt discharge in friggeced by A canling waber failure which then fails aver to A Blow
dincharee due to failure of the dump ewitch. The maximmm expented temperatiee of the
bimes in thin ingtanee in 9197, From experience with similar inetallaticos thin s in imple
tn install, in rigged in pervice. And meets All aafety requirements.

Ta equalize test conditions in the Assembly Hall and the opecation eonditions in the
Collinion Hall A amall length of stainless sbeel wataronaled pipe may be added to the higwark
in the Assemhbly Hall o make the Amembly Hall s remistanee the same ar the Collikion
Hall bin resistance [see table LL1].

10.7 Quench Detection

{hench detection will be Aconmplirhed by providing sedundant balaneed bridge civenita aned
wmiltage tam oo the coil, mpaonndiucking boeen, and wapar coaled leads. Ar described in
Chapter #. fr onil faps are provided oo the cnil: ane each at the start and finieh of
the cail winding and twn additional taps, coe near the center and anather near the 374
pnint AR diagrammed in Figure 1.2, Each hridge must e balaneed for zeco antput doring
salennid initial shartup ta eoable the lowet practical threehald lessls to e seleched thaveafter
while preweoting ouiranoe trips. The quench detector bridges can 1ee iBo-op Amp Atyle
inalation an shown in Figure W02 ar A magnetically canpled technique [12] which in preseofly
nnder dewlopment. Bath isalation methads Ave Aimilar bt the magnetically conpled type

A redundant et of quench detectom i provided. The firsh sat will e monitored by
A hardwired OPM chammin and the redundant set will e ronted to the PLO for safterars
quench detection. The OPM will provide the fimt line of defense for quench detection by
means af lower threshold reference values. Qnench threshald leves will he eatahlished during
preliminary low-murrant charging eoereines priar to full mireent operation of the magnet. The
quench detectorn are fail-aafe And must e conneched otherwise ther will canee Ao ioherlock
trip.
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10.8 Interlocks and Comrols

A pamble intelock And eontral ow dingram for the magnet mergization syebem is shown
in Fig. 1.3, The diagram shows many interlocks and othem may have to be added as the
cdeeign in finalized. Additinnal detail an the ioberlack syebem in provided in Chapter §. All
eentrals will e wia the PLC an described in Chapher §. 8fatis menitoring (wnltage faps,
ete.] fram the solenaid must be via & different: nek of rafety isalation resistoam and monitaring
cablen AR describe] in Chapher 4.
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Table 10.1: Electrical System Parameters

Parameter PS Tap M1 YV, B0 A PS8 Tap Lh V', BIOI A
Maminal (¥perating Cirrent Ao A Same
Maximnm Allawable dLfdr, <740 Afmin Same
Maximnm Dump Yaltage 2RO W Same
Maximum Inmilation Test
Valtage tn gremnd (L min) L3RIV IO Same
Magnet Stored Eneroy h.d M Same
Cirenit Induckanee MR H Same
Cirenit Hemistaoee (CH) 2Ax 1 Same
Cirenit Remistanee [(AH) LE» L™ Same
CH[AH) 8low Dump Time Constant | 230 (3R] secands Sane
CH{AH)] Fart Dump Time Constant | 105 (L7 secands Same
Charging Time T minntes Same
CH{AH) Sliw Dump Time 20 (2R minntes Same
Fagt Dhimp Time Rl mecqineln Same
D Current Hewemming Time A7 mimiten Same
Powar Supply
Max Vaoltage kL] LT
Current: Regulation < LiX] ppm &t > LN Ade Same
External Heference < K ppm/°C, > L& hif Same
(1-101 ¥ e, BN Afw Same
CH{AH)Operating DO Valtage | 8 (L)W Same
{hitput Ripple P ta P MREREY MRV
AC Input ARV, M3, 840 A 80 He Same Fxceph 131 A
Input Power Factar 1.4 (N4 1.8 [N.A4]
Ripple Filter Choles 2w 2pH Same
20108 urd Same
CH (AH) Pus RO A, A% em nom. On pipe | Same
LE= L™ (1.7 x 1™ Same
g1 (A1) m Same
Protectinn Heainbar AR = LI Same
L] kg
AT = WINPT at B M
Dimp Switch RNl A Ceantactor Same
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Table 10.1: Electrical System Parameters, cont.

Parameter PETap MV, BN A | PSS Tap LB Y, RN A
Hewemaing Switch BN A Mechanical Same
Orwermltage Crowhar A1V, RN A peak Same
Coaling Whater Same

Hexistivity > A MGom, LOW
Power Supply 14 1/n. AP = &6 kP
Cholem Each 4 1/m. AP = &) kP
Bus at A1°C Rise LK (] /s
Over Tanperatiire Protection | 80170 Same
Lerres LW Tatal Same
Powar Supply 12 kW Same
Chealoes 16 LW Same
Pun 3 (LA W Same
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