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Abstract _ _
In the KEKB operation, the QCS magnetsigited to

At KEKB, a pair of superconductingnagnets is generatehe field gradient of21.3 T/m at acurrent of
installed symmetrically withrespect to the Tsukuba 2830A. Wecan thereforaise the TRISTAN QCSP.S.
Interaction Region (IR) irorder to focus and steer the with a few improvements.
beams. Two quadrupole magnets (QCS) are beiepared The transfer-function blockliagram ofthe closed-loop
to focus the beams, two solenoid codlee to shield the control in theP.S. is given in Fig. 2.The system has
magneticfield of the solenoid coil of theletector,and 6 two closed control loops. The minorauto-voltage
correction coils are to steer the beams. These magnets @gulation (AVR) loop is inside theauto-current
to be energized byigh-stability power supplies(P.S.s) regulation (ACR) loop. The simulations show that the
to maintain a long-term magnetic field. Thigaper responses becomslow. However, it is not serious
discusses the details concernitige P.S.s and their because KEKB is a storage ring without acceleration.
control.

1 MAIN P.S. FOR QCS MAGNETS | Gscr
In the TRISTAN main ring, 4 pairs @&uperconducting
guadrupoles (QCS) were used at each 4 collidegions. Gv
The 4P.S. were fabricated1]. At KEKB, one of them i
was improved to excite new QCS magnets. KiKB /
QCS magnetsare compactcompared tothe TRISTAN _
QCS magnets. The 2 QCS magnets are powered in series. O = K Ger
The QCSP.S. consists of a mainP.S. and an v I
auxiliary P.S. as shown in Fig.IThe mainP.S. has a ¢ +
capability of 3500 Aand 15 V. This P.S. consists of a Gar
converterand aquench-protectiortircuit. The converter Ge 0
consists of 12-pulsphase-controlled rectifies, a passive
filter and anactive filter. A thyristor switch haprepared Gmag
to intercept the dc current ithe case ofany quench
trouble. —
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Main P.S. Figure 2: Theransferfunction blockdiagram of QCS
R2 main power supply is shown. The elemerdgegiven as
follows:
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Figure 1: The circuit of QCS main and auxiliary P.S Gpr = 63000 G = L
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1.2 Fast-Stop and Slow-Stop modulator) circuit. Power FETs so as to control the
output current precisely is used. Thaurrent regulator

The fast stop of the QCS P.S. is triggered from one obtains itsfeedbacksignal from a high-precisioDCCT
3 quench detectors. The thyristor switch (MTH) intercepttDANFYSIK 8641 DCCT). This type DCCT isompact
the dccurrentwithin 1 ms, andthe energy stored in the and cheap compared tihe 4-core-typeDCCT used in
magnets dissipates in stainless-steel resist@rsadR, ) TRISTAN [2]. The outputcurrent must be compared
through the diodes as shown Fig.1. with a current referencelhe referencesource is al6-bit

In KEKB, theinductance [, ) of QCS of the right DAC on its 9.5 V dc scale. The error signal is sent to the

side is 16.2 mH, and,, of the leftside is20.2 mH. In FET bank.
order to reduce the current the neutral line, wehanged 3.2 Fast-Stop
resistor R, based on the conditiob, /R =L,/R,. The
resistors are 0.0 and 0.125Q, respectively.

In the slow-stop mode, a counter IC (whmdnnected
to the DAC) countslown by 1bit per clockpulse. The
current decreases at a rate of about 10 A/s.

DCCBs (Direct Current CircuiBreaker) are adopted to
intercepts the dc current. The resposgeed isabout 30
ms, which is much slower than the thyristor switch
because ofopening the mechanical contactors. The
operation is limited to 500 timed¢dowever, the cost is
2 AUXILIARY P.S. FOR QCS-R very cheapcompared tothat of the thyristor switch. A

T damping resistor of 0.7Q is connected tdhe terminals
through a diode.

At the initial cool-downtesting of solenoid coils, the
current was limited by quenching about 210 A. Fig.3
shows the output voltagend current ofthe ESRP.S..
The currentramps from 200 A at thepeed of 1A/s.
Around 210 A, the voltagesuddenlyincreases. DCCB
intercepts the dc current, the minus voltage of 150V is
produced, and the curredécays athe time constant of 2
sec.. Afterward, the quench origin was revealed, and
%rfpeditious remedial measunesretaken. At thesecond
cool-downtest, noquenchingoccurredfor currents up to
110 % of the design values.

Interference effects betwedmese solenoidsnd the
detector solenoid were measured bythe pseudo-quench
tests. The peak voltages on the output terminals of the
each P.S. when the quench ofthe detector solenoid
occurred were 7V and 4.5V, respectively.

A bipolar 40 A auxiliaryP.S. is connected to the
QCS-R magnet. Such a connection produceardmalance
betweentwo QCS magnets taero with the required
accuracy. Onthe contrary, it has the possibility to
produce arimbalance of thdield integrals between two
magnets.

The circuit of the auxiliaryP.S. isshown inFig.1.
The output terminals of the auxiliaB.S. are connected
to a magnet through contactors. The relay contactors
used to changehe polarity on the magnet. Iminus
polarity, the plus voltage of the mal.S. imposes the
output of the auxiliaryP.S.. Toavoid this situation, a
series ofdiodes isinstalled in line, whichproduces an
offset voltage of 7 V.

3 P.S. FOR SOLENOID COIL

The detector BELLE at IRhas a solenoidield with
1.5T to distinguish the particle track. The solenfit
couples the horizontal and vertical betatron oscillations of
the beam. This makes a ring less dynamically stable and
lowers the peakuminosity. The simplestompensation
is to place twohalf-solenoids at each side thfe IR. The

solenoidsproduce araxial magnetic B,) field opposite . current

to the detector solenoid. 200A
Superconducting solenoid coitse installed before the voltage

first quadrupoleQCS. The inductance ofthe right-side 2.1V |

solenoid is 1.44 H and that of the left side is 0.9 H. Since 0 -

the resistances of the cabling from . tothe magnet
are 8.3mQ and 11mQ, the time constants are 173 s and
82 s, respectively.

3.1 Switching Power Supply

In KEKB, many switchingP.S.s are installed. We
adoptedthe switching type for theuperconductingoils.
The ratings of the solenoid.S. are650 Aand 30 V. In — T T T T T T —T 1
the P.S., the three-phase input (AC 420V)dstified and -5 0 5 10 15 20 25
filtered to provide an unregulated goltage (DC 600V).
The unregulated dc isonvertedinto high-frequencysquare
waves by the IGBTs. Thequarewavesthrough the high- . ) .
frequency transformers are rectifidhe output voltage of Figure 3: The fast-stop operation of solenoid ESR
the converter is controlled bghe PWM (pulsewidth —Power supply is shown .

Time(sec.)
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3.3 Slow-Stop 5.1 Current Setting

In the slow stop, the gate pulses fi,e IGBTs are The excitingcurrent is remotely set by computers
blocked and the source voltage of theonverter is through the VME-ARCNET. The VME-ARCNET is
vanished. The currenthrough the magnet naturally adopted in stead ofhe CAMAC in TRISTAN. The
decays.The currentdecreases othe ESRP.S. and ESL interface board in eaclP.S. receives currentsetting
P.S. areshown in Fig.4, respectively. Thidecreases are signals from an Input/Output Controller (I0C) in a VME
faster than the exponentidécays ofthe time constant of crate and send fault-signals to the I10C. The
the load by the nonlinear resistances such as FETs ambmmunication between I0@ndinterface boargmploys
diodes in the P.S.. ARCNET. The VME is connected to th€EKB computer

system. The system has utiliz&PICS (Experimental
Physics and Industrial Control System).
Theinterface board sends-bit digital signals to a
600 - DAC (Digital to Analog converter) inthe P.S.. The
output of the DAC is used as a current reference.

500 - 5.2 Fast-Stop Interlock

When a quench in a magnet occurs, the excitimgent

400 must be quickly decayed. The quench detectidraged on
measurements of the voltage among ¢nels and center
tap of the coil. If aguenchoccurs, alifferential voltage
300 - appears,and the quench is detected. Asoon as the

i detector sends #&igger signal to theP.S., it must be
quickly stopped. The typical quench threshold is set at 1V
200 for 10 ms or more.

Current(A)

5.3 Slow-Stop Interlock

100
. S In some cases, theurrent must be decreasedslowly
based orthe judgment of the cryogenic computer or the
0 ' ! operators. The EX1000 computer which controls the
0 100 cryogenicsystemcan commandhe P.S.s tostop either
Time(sec.) quickly or slowly. In adifferent way, theP.S.s can be

stopped slowly by pressing stop-buttons forotary
Figure 4: The slow-stop operations of solenpaver Warning lights .

supplies are shown.
6 CONCLUSIONS

The power supply system fauperconducting magnets
4 P.S. FOR CORRECTION COIL at KEKB were designed and fabricat¢d]. Since the
) . ] KEKB commissioning of December of 1998, the
Correction coils (a skewuadrupole, an H-dipolend a  superconducting magnet powsupply system isunder
V-dipole) are housed in each tife QCS cryostatsThese  gperation.
6 coils are excited by 6 bipol&.S.s. Theinductance of
the skew is 23 mHandthat of the steering is 45 mH.

The rating of theP.S. is*50 A and*20 V. Thefield 7 REFERENCES
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These P.S.s are operated bycomputers via VME-
ARCNET. They are also operatingpder asafetysystem.
Each P.S. has a fast-stop mode and a slow-stop mode.
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