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Abstract between each cavity was measured and adjusitbdphase
shifters of the waveguides. A measurement of attenuation

Construction ofthree RFstations in the SPring-8 of co-axial cables from pick-up ports on cavitas from
storage ring was completed. Twenty-four single-celiirectional couplers was done using a network analyzer.
cavities were installed in the storage ring. Three klystrons checktotal systemunder high power operation, a
and their power equipmentsvere also installed. Low program for computer control wasepared based on a
power control system such as tuner contrééedback prototype program whiclmad been developed totest a
control for phase lock loop and cavity voltage control wagavity [1]. A final version in beam operation was
assembledind operatedHigh power test up to 800 kW developedthrough highpowertest. The highpower test
was carriedout in each RFstationandverified to satisfy \as started from July and completed in December. During
the designed specification. high power test, water temperature otavity inlet was
stable within +0.15°C in therange of zero ta800 kW.
Beamwasinjectedinto the storage ring in Marchi997.
Three RF stations are being operated stably. Here,

Low power and high power tests for twenty-four bellprocesses and results mentioned above are reported.
shaped single cell cavitiesdinput couplerswere carried

1 INTRODUCTION

out at a tesstand from Januargind completed inthe end
X . 2 INSTALLATION OF CAVITIES
of September, 1996There are three RIStations in the
storagering, named B, C, Dstations. Installation of Figure 1 shows the cavity assembly in one of the

cavities, couplers, waveguides, vacuum components eeations. The assembly consists of the cavities, the
was started in parallel with high power test from April infacuum equipments, waveguidemput couplers and
D-station and completed in November '96 in C-station. frequencytunersand soon. The cavitiesre connected to

A klystron and its power equipment were installed in eacgkachother with special vacuum vesselbree vacuum

RF station. Varioukind of tests, inparticular, interlock manifoldsandfour bellowsmade ofstainless steel. Two
test for protection of a klystrowere carefully doneAfter  cavities at both sides of one vacuum vesselconnected
installation of waveguides, low power control system wasmoothly by the slit copper pipe fixed in the vessel so as
assembled byising NIM modules. Then phasidference

RF input coupler Vacuum manifold Frequency tuner
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Fig. 1 Cavity assembly of the SPring-8 storage ring.
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to reduce the parasitic impedance. Rings made of
beryllium-copper alloy or silver with diameter of 100
mm are used as an REontact between a cavignd a
vacuum vessel. The cavities at bethds ofthe assembly  Reference RF signal of 508.58 MHzdistributed to
are connected to the vacuum chambers whiehmounted three RF stations located atthe storage ringand the

in the quadrupolemagnets withtaperedducts made of synchrotron ring through optical fiber cables. Titese
stainless steel and transforming the Shape of cut-view W@ﬁ a referencdine is kept constant with thaccuracy of

a diameter 0fl00 mm to the elliptical one with a semi-+0.1° when phase lock loop ( PLL ) is on. Even if PLL is
major radius of 50 mmand asemi-minorradius of 20 off, the phase difference #°. This error is mainly due to
mm. The cavities are evacuated through beam ports withetnhperaturelependence oflectric circuits and duenot to
diameter 0f100 mm connected tothe manifolds.Cold  the optical fiber cable [2].

cathode gauges, main vacuum pumps, sputter ion pumps éw power RFsystem in an RF station consists of (a)
pumping speed of 400 litteyzer secondfor N2 gas ) and g automatic level control (ALCand phase lock loop
titanium getter pumps ( pumpirgpeed of800 litters per (PLL) of RF power, (b) a cavity tuning(c) an anode
secondfor N2 gas ),are attached tdhe ports ofeach modulation, (d) an interlockand (€) variousmonitorings.
manifold. A thermocouple gauge, an extradtor gauge, Low power RFcontrol diagram isshown in Fig. 2. A

a mass-spectrometand aroughly pumping system are part (@) has a function to level klystron-ogower and
connected tathe manifold in thecenterposition of the cavity voltage, and to lock klystron-oahd cavity phase,
assembly. The roughly pumping system consists of raspectively. A part (b) is to keep cavity resonating at
turbo molecular pump ( pumpingpeed of285 litters per 508.58 MHz with slight detuning offset busing a
secondfor N2 gas )and a drypump ( pumpingspeed of movable tuner. A parfc) makes klystrorpower handling
450 litters per second ford\yas ). stable comparedwith cathode modulation (independent
After the success of a helium-leak test, the assembly wazode power supply is installed in two RF stations out of
evacuated to less thawI0'5 Pa by the roughly pumping three). A part(d) is for protecting equipments froireak
system and was baked at 150 °C for more than 100 ho#8Wn, beam aborindradiationsafety. A part(e) is to
After completion of baking, we started to operate the maff'eck running condition and to respond to system failure.
pumps. Theattained value of pressure the assembly

was about 107 Pa. The mass-spectromegiowedthat
there was only blgas in the assembly after baking.

3 LOW POWER CONTROL
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Fig. 2 Block diagram of low power system.
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4 COMPUTER CONTROL OF RF SYSTEM hand side shown in Fig. 1. In the beginning of feeding RF
_ ~_powerinto the cavities, the vacuurmpressureincreased

We developed a control program for cavity condm_onlngver 105 Pa at small RF power by the outgas from the
based on gersonal computer system [Based onthis jyner surface of the cavities exposed to deited electric
experience, a computer control program hBeen e The outgas was graduallgduced bythe continuous
developedor the operation of RF system of tséorage eynosure of thesurface tothe electric field. Finally the
fing under the frame of the SI_Drmg—S_ conirol system. value of pressuresached toabout %107 Pa while the

An operator uses a graphical usmerface (GUI) to RF input power of 90 kW was put into all cavities. The

control RF system. fcommand issent fo amessage value of pressurevithout feeding RF power was also

Server (MS_)from_ GUI, then is sent _to ABCCESSSEIVer _ ; proved to about 6108 Pa. Now, three RF stations are
(AS), and finally is reached to an equipment manager (E
stably operated.

working on a VME. There the commandirgerpreted and
is executed taontrol RF equipments through VME 1/O
modules. Control commands are sent in a text format. For 6 REFERENCES

example, to turn on the RF switch in B-station, a ) .
command of "put/sr_rf_rfsw_b/on" is sent to EM, then £ T. Ohshima et al., Proc. of the 5th European Particle

digital pulse signal is sent to turn on the RF switch. As ACccelerator Conf., SITGES (Barcelona), 2047 (1996).
another example, to get the vacupnessure inC-station, 2] H. Suzuki etal., 9th Symp. on Accelndtech., 252
the command of "get/sr_rf_ccg_1_c/pressure” is sent to the (1993)

EM, then an analodata of a cold cathodgauge is taken

from an analog inpuboard.The voltage isconverted to

the vacuum pressure using a conversion coefficient and the

result is sent back to the GUI program.

The RF control system consists of three kind of panels; a
main panel, a control panel for klystron power equipments
and alow level control panel foreach RF station.
Functions on a main panel are to set followitaga;total
acceleration voltage, a phase of each RF stafiequiency
of a master synthesizer, present values ofatteeleration
voltage, phase and vacuum pressure in cavities of each RE1000 [T T 17
station. The control panel for klystrqgrower equipments <

is used tostart up, to shutown and to monitor power = - o
supplies. The main roll of the low level control panel is & 720 [ ﬁ
to change the acceleration voltage and station phase. Thesg i @
values are stored ithe parameter databaseitten on the Q - =
main panel. Theyare manually input on a lowevel S 500 [ —_
control panel, too. Another roll of the panel is monitoring % C E

the status of each klystron and cavities such as sensing a®

occasional arcs in wageguides, reflection power from the & 250
cavitiesandvacuum pressure. These control panels are =
working well now. Updating of the program is continued.
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5 HIGH POWER TEST AS A TOTAL SYSTEM Time [x10” 5]

N o _ Conditioning Process of an RF Station
We conditionedhe assembly in higland continuous

wave RF poweoperation. RFpower up to 90 kW was Fig. 3 Result of the conditioning bigedingthe RF

successfully put int@achcavity with the power control power into the cavities. The thin dotted line shows
system aided by acomputer mentioned in section 4. the output power from a klystron. The this&lid
Figure 3 shows the time chart of the output power from a line shows thepressure in the manifold at the

klystron and the pressure in the assembly. The left vertical  ight-hand side in Fig. 1.
axis shows the RF power from the klystron. About 89 %

of the power is consumed in the eight cavities. The rest of

the power isreflectedfrom the cavitiedbecausecoupling

coefficient between aavity and aninput coupler is2.0.

The right vertical axis shows th@essure irthe manifold

between the first cavity and the second cavity at the right-
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