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TUNINGMACifiET PCNTR SUPPLY

B.M. Han, G.G. Karddy
Arizona StaIc University

Tem~, AZ

The particles in a Rapid Cyclist Accelerator are accclcra[cd by RF
cavities, wtrids are tuned by Df?biased ferrite cores. The t.ning is
achieved by the rcgulatioss of bias currcttt, which is produced by a
power supply. The tuning magnet power su ply utilizes a bridge
circuit, supplied by a threephasercctifkr. lktrirtgthe rise Ofthe
msrrem, when the particles are accckated, the current is controlled
with precision by the bridge which operates as a power amplifier.
During the fall of the cttrrcsmthe bridge ~tes in a switching mode
and recovers the energy storrd in the fcrrstes. The recovered energy
is stored in a capacitor bank. The bridge circuit is buik with 150
power transistors. TIM drive, protection and control circuit were
desigml md built from corrmsercial compotscrm The syslem will be
used for a RF cavily experimentm la Alamos and will serve as a
prototype tuning power supply for future accelerators.

The km in a rapid cycling accelerator is accelerated by RF tuned
cavities, which arc dmccdy coupled to the anode of a powerful
klystron tube. The cavh is cominuoualy tuned to the resonant
frquency of the system. h e rutting rsttge is narrow, but efficient
ener oattsfer rquires high precision. Accurate tuning is achieved

‘?by D current biased fcmte corm, located aI the end of the cavi[y.
The bias windings are placed between the ferrite cores and supplied
by a controllable power sup ly. llse power MI ply is plsced in a feed

J’ J’back loop,whichcontrols e bias cumcrtt an tunes the ca~~ity. The
bias cument vesiesbetwects6fM to 1500 A,

This apcr describes the accurately cottoollable power supply which
fwas eveioped for tuning sheRF cavities.

‘l%e tunin~ magnet power supply dsives a cumst impulse through the
bias winding. The rquired current end the comespwsding voltage
are shown in Figure 1,

FISU.X I, Requucd currcn: and voltage,

~$’u;;~~! ~1has 10 follow the required waveform with better Ih:In
art of the current wnve hits 10 be controlled tcry

,1% accuracy,

The descendlnf p:lrt of the unve does noI nffcxt I})C accclert!or
t)pcrulws ‘IIIc currcm ha~ 10 hc mrtrollcd in such a wtiy IIIJI t!lc

reduced volI:Ige is rrunimlmd

H.A. Thiesscn

lA)h Akutsos Nutwnal Lab.
Los Aktmos, N.N1.

The bias winding has low resistance and rcprcs.cnk a n]os~! mcluctive
load. This inductance stores a considerable amoum of energy when
the current is maximum. This energy has 10 be c:ssipa:cd o:
S’CCOVCMIduring the currcm descent. The latter is the cesmbk isnd
selected solution. Also, the inductive load makes acc~:atc current
control difficult, because change of current rqwres hlg:. vo!:.igc. A
funher complication is that the ferrite saturatesduring m: curren[ rise.

In addition, the system rquires aboul 600A DC busscuzcnt, which
represents a constant load.

During the development of the wning magnet power suppiy circui~,
several diffsrent concepts were investigated and the mos: promising
ones w :re tested, The result of these studies is the ci~ul[ shown in
Figure 2.
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Figure 2, Tuning Magnet Power Supply cortfigtca:ion,

The system openttion is divided into thrsc stat:s, which CC shown in
Figure 3,
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F\gure 3L Opermim) modes

In SIaIe 1 the trunsisto: swikh is on and the In:rcus,. ~ LUR:III I)

cortwollcd by the large trttnstsmr amplifier. I?l Is c,ds pcrrnllt
uccurnle nnd contlnucws currcni control. A spciIti I ;. :,c:: 0$ II;C
cmwh is that lhe tsmplifler Is wpphcd by a dccreailng \ I,t:Igc o: Ihr
c;Ipac IIor bunk, which smrcs lhe IIIU#ne IIC cncrfy t,’ :oIc IC:rIIC\
U’hcn l)w CU~CIII rtilchc$ Its ttl:l~lttlultl VLOUC,lhc (’INti:: C! I:I!IL’CC! Ii I

iI \witcttin~ III IMJC, III tlljs motlc, ttlc umpllflrr I\ Iiir I,- {I!t ,Illil I! It,
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State 2. Switching opcratk I. Current is constant.
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State3. Thecurrentdecreasesin switching msde.

Figure 3. Operation rrdes.

transistor switch is turned on and off, using the pulse modulation
techniques This operation has two states:

In State 2 the transistor switch is on and the inductance crment is
freewheeling through the diode. Because of the low circuit losses,
the cssmtt dmeascs slowly,

ht Stm 3 the transistor switch is off and the inductive current
charges the capircIIor bank, this recovers the energy. The capacilor
bank voltage dccrcasestic current rapidly.

By the selection of the on and off times. the current descent can be
rcgulalcd fairly well.The ener y recovcrfd from sheferrite increuses
tht voltage of the capacitor b~ by 10.15 %.
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When [he current k dccrcased to {he bias current level :he sysK!m is
swilchcd to Slate 1 and the tirnplifler maintains the fcm[e curwni JI
the bias value. AI the beginning of the next cycle the control stgniil
regulates ihe amplifier, wh,ch increases the femw cummt

!x2GNmmwxx “RIEmm

The sysu?mis supplied by a 30V, 1500A three }Jhascrcclificr, which
provides fillercxi DC voltage. The rectifier is protected by a ftist wamg
cwcuil breaker, which has ovcrcurrcnt protection and can be operated
remoteiy.

Tlse capacilor bank is rated to t5f)V and 6.5 Farad.

The transistor switch consists of four Darlingtons connected In

paraflcl, each of ihcm, is rated WV and 400A. The Da.rlingtmts orc
equipped with a snubber circuit and controlled by un opIIcLIlly
insulated switching drive circuit. The transistor sw’itch ts umer
cooled and its circt.m is shown in Figure 4.

~~fiodes arc water cooled high power uni{s rated at 1000A and

The srnpiifier is buiit With 150 power owssis’ors connected in PWJ!k!.

The rransislors arc divided into 15 modules, each protected by a iuse.
EquaI current sharing is assured by n 0,03 ohm resistor connected in
series with each power transistor, The bases of the transistors arc
supplied through a protection diode by an amplifier drive circuit,
consisting of opcratiwsal amplifkrs and high power transistors.
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Figure S. Aeirplifrer Module.

The tuning magnet power su ply operates in a feed back circuit rmr!
rrcccives an analo$ue cmttro slgnrsl. The ferrite bias wren: hw w

follow the incrcasmg pan of the si na: with high accura:y, howcve.-,
t’the cumcnt has 10 decrease to the Ias ctmcm value before the next

cycle starts Linear cuncm descent is sc%cted, but any other wave
shapecan be obtained The conuol concrpt is shown m Flgu:e 6.
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FIPX 7. CoritTol ci:cui: operwicx:

The amplifier drrvc circuil has a feedback 1009 that irs:reases the The next phase was the construction of an engineering mode; u hich
circuit accuracy.Theotxration of the conrrol circuit is described in will be used for the RF CaVIIYexDcriment in LOS Alw,os Md will
Figure 7. I%e &cuit u’~s tesIcd wish L bimed sine wave.
The main components of the system are protected b!: high pott c:
fuses, In adchdon. a scps:a:e protection cimsh is built m the conrcsl
cabinet. This circuil monitors the voltages and the cufiems of the
critical components and switches off tie muin circuit breaker i,] case
of an ovelload or ovewoltagei The condition of the fuses is also
monitored, Tnc opcwion of the fuses is mdwstc~ on th: CW,L-O!
pane!. If more thm tmce fuses arc blown, the protectmn cucu]: shut~
down the mitm supply,

~

Tht proper qwmon of the v stem was wrifmd izI first h? CUWP;IIK

model, which sImulitIrd the operation of the system, “I?II$ mn~ulcr

mrdel w~t used M a design tool The maximum ssild averrn~c cuncIu\

and Voll:lfzci 0! lhc components were culcululd ThI\ ICUL ((I Ihc

accur~tc dcsifm of the comportents

~ipon the COIIIpl. OIIrm Of the SVWCM dcslyn, II SCiIlrd (km n III(MICI

circuit wits h~lllt ;In(l Icslcd ‘Thr proper opcruli(m (If Ihc III,I~!rl

VCtlfird thc CiC\lFll ‘1’hi\ fllOdCt Wit\ t2Wd to dWh)]I lhC C[llltt(,) ;Illd

drrvcr uwcult~
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