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Abstract

The team responsible for the design of the Accelerator
Production of Tritium (APT) superconduciing (SC) radio
frequency (RF) power coupler has developed twa 700~
MHz, helium gas-cooled power couplers. One bas a fixed
inper conductor and the other has an adjusmble noer
conductor (gamma protorype and alpha prowrype). The
power couplers will be performance tested in the near
fuwre, Thus puper discusses the mechanical design and
fabrication techniques employed in the development of
each power coupler. This includes material selecrion,
copper coanng, assembly sequences, and meal joining
procedures, as well as the engineering analyses performed
1o delennine the dynamic response of the inner conductors
due 1o environmenta] excitanons. A bellows 15 used
both prototype inner conductors 1 the area near the
cerarmic RF window, 1o compensate for therma) expansion
and mechamca] tolerance build-up. In addinon, a bellows
is used near the np of the inner conductor of the alpha
profotype for wmng the power coupler after it 1s installed
on the accelerator Extepsive analyrical work has been
performned 1o deterrmnes the stafic loads transmiried by the
bellows due to thermally wnduced expansion on the mner
conductor and on the RF window. This paper also
discusses tis analysis, as well as the mechaaical analysis
performed to determine the final geomeme shape of the
bellows. Finally, a discussion of the elecromagneric
analysis used to oprirmze the performance of the power
couplers 1s included,

1 INTRODUCTION

The superconducting pornon of the 1100 MeV APT
accelerator will have numeroys five-ccll cavities. Each
cavity will require two power couplers, which will
wansmit up to 420 kW of continuous RF power at a 700
Mhz frequency RF power is ransmined 1a the sccelerator
from a klysiron via WR 1500 waveguide ar amnosphenc
pressure. A waveguide-to-coaxial conductor ransition will
be locared near the RF cavity. Accelerawr vacyum will be
maintained through the coaxial conductor by a planar
coaxial ceramic window locared in the coaxial conducior
portion of the window assembly Figure 1 shows a
cutaway view of 8 power coupler and 4 vacuum window
assembly an a cryomodule.
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Figure 1: Power Coupler, Window, Cryomodule Assembly

2 RF ANALYSIS

The 420 KW RF power is delivered 10 each five-cell
cavity by wo power couplers. To ensure a rehable long-
term operaron for this planr-rype faciliry, an atlempt was
made to create a power coupler design using features and
componenis suggesied by recent experience gained v
other accelerator labaratones. These features include
plapar coaxial windows (a standard in high-power
Klysrons), coaxial couplers (successfully operated ar high-
power, ¢.g., 81 DESY [1]), positioning of the RF windows
ounside the line-of-sighr of the profon beam, an addinopal
vacyum-pump port in the quarter wave swb region for a
good vacuum at the windows (recent expencnce at KEK
[2]), and provisions for a sunple cooling scheme of the
conter conductor, These were integrated info a new power
coupler design, To schieve this design, extensive three-
dirmensional electromagnenc modeling has been done wath
the MAFIA elecromagnetic simulator [3] The modeling
procedure started with the design of s¢parate components
and benchmarkmg the suoulanons by building and

-measunng some of these components {4]. Then a fully

integrated smdy was performed with interaction with RF
window fabnicutors.

The simulations investigated several variations of sub-
components (various gquarter-wave stubs and mawhing
devices), and muliiple iterations with mechanical and
thermal evaluations. The thermal evaluation of the RF
power deposited onto the inner and outer conductor was
derived from the three-dimensional RF simulations.
Figurc 2 shows the MAFIA analytical model of the
quarter wave stub.
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Figure 2: MAFIA Analyrical Model

3 THERMAL ANALYSIS

A 200-node, axisymmewic model using ths finie
difference approximnation was made 1o describe the mner
and ourer conductors. The model mcludes grey body;
diffuse, mfra-red radiation exchange; conduction through
siainless  sfeel, copper, and niobium; RF hearing
(wavellimg or sunding wave power distributions); and
convecnon cooling of the inner and outer conductors.

Detailed results for the inner and ourer conductors have
been published [5] The inner conductor 1s found 10 be
adequately cooled for both wavelling and standing waves
by using 300 K heliom at 1.2 atmospheres pressure,
flowing at 3 g/s through & 3-mm annular space formed by
a siainless-steel sleeve within the copper inner conducroer.

The outer conduclor cooling approaches considered
distyibured counter-flow and localized thermal intercepts.
The sclected cooling scheme was the result of an
exiensive rade-sudy which considered: mtegration of the
power coupler cooling into the cryomodule, impact on the
sryoplunt and dismiburion sysiem; room tcmperaiure
Tefngeration  input  power; and manufacturability,
mamiainabiny, and reliability issues. The selected
canfiguranon 1s u double point thermal intercopt where the
low temperature thermal intercepr indet flind is 4.6 K, 12-
bar helnm. Afier exiting the low temperamure infercepr,
the superenitical helwm is used 1o iptercept heat loads
from the besm rube, thermal shield, and swuctyral
suppors. It is then circulated through the power-coupler
high-temperawre intercept. The fluid is remumed o the
cryoplant at about 30 K.

4 MECHANICAL DESIGN

The WR 1500 waveguide-to-coaxial conductor Transition
is of the tec-bar type and ir is water or air cooled. The
maasition is mtegrated into the RF window assembly. The
coolani(s) is alse ciwculaed inside the inner conducter
section of the RF window assembly fo the interface with
the power couplar. Cooling air 15 also circulated between
the ceramic windows The coaxial conductor 1s nominally
6.125 in diameter from the wee-bar Jocarion through the
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ceramic window and the quarter-wave stub, 1o an arcy that
1s approximately 17 25 . from the shorting plare. At fhus
location, the coaxial conductor tapers down to nomuwally
4,06-in. dsmeter through a distance of 8.44 in. The
coaxial conductor remains this size through the wterface
of the power coupler with the five-cell caviry. The wnner
conducror is supported at the shorring plare and 1s
cannlevered through a distance of approximately 36.43 in.
The center of the RF matching collar 1s locared 11.87 in.
away from the shorting plate. A nomunal 2.60-m. diamerer
bellows s used atv the intersection of the Two coaxial
conducters, which comprise the quarter-wave swb
geomery. The adjusmable inner conductor has a nominal
1.71-in. diameter bellows located near uws tp. The RF
windaw assembly connects 1o the mner conductor ar a re-
enmrant receiver Jocated at the interface. The conducnve
marena) for the inner conductor 1 oxygen-free eleconic
grade copper, ASTM F68-93 class 2 or bemer. The
marerial for the receiver and both bellows is beryllum
copper, B194 alloy 25, The 300-K helium is delivered to
the intake plenum locared at the rear of the nner
conductor. Inside the pleaum, the flow is onficed und splir
so that some of the coolam is cwculated through a
sainless-steel liner towards the tip. The coolant 1s
returned through the annular space formed by the outside
of the stamnless-sfec] liner and the inside of the copper
wbe. The berylhum copper recewver and bellows in the
quarter-wave stub region are cooled with the coolant
flowing through a sroall supply tbe thar provides hehum
direcrly onto the bottom of the receiver and flows down
the mside of the bellows, Figure 3 shows the inner
conductor coolant flow path.
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Figure 3: He Coolant Flow Path

All copper-to-copper joimng for the inner conductor 13
specified as e-beam welding. To expedite fabncanon,
however, tungsten-inert gas  (TIG) weldng with
appropnriate final machining was approved. All copper-to-
sainless steel jownrs are fumace brazed. The outer
conducior matenal is swminless swel type 304, whose
conducrive surfaces are elecrroplated with copper per
specificalion  APT-CG-RFPC-001. The double point
thermal nfercept is integrated with the outer conductor 83
a flanged spool piece. Metal seal flanges are used at all
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RF/vacuum connections with modified copper gaskers 10
enhance RF infegrity. A vacyum pumping port is located
in the vicinity of the quarter wave smb. The RF analysis
indicates that the geomemny of the port is such that an RF
grill is not needed at thus Jocanon

Using COSMOS/M Ver, 2 0 lhinear dynamic module, a
finwe-element model was developed and fundamenta]
modes of vibration calculated for the mner conductor. The
first four were 39.7 Hz, 55 9 Hz, 180.5 Hz, and 187.4 Az
for the 1ip of the gamma power coupler. For the 1ip of the
alpha power coupler, they were 29.96 Hz, 35.7]1 Hz, 101.6
Hz, and 206.4 Hz, with an assumed damping coefficient
of 001 The harmonic analysis of the tip resulted in a Q of
40, The first source of excitation directly anached 10 the
alpha power coupler 1s the 250 Us vacyum pump. The
specified displacement of the vacuum pump applied 1o the
shorring plate resulted in a RMS displacement of the Tip of
16 x 10° m. Using a random vibration excitanon
previously obtuined from another acceleraror facility, the
RMS displacement of the tip was
3x107m.

The force required to make the RF joint ar the interface
with the RF window ussembly was large enough 10
warranl mechanical testing. Two recejvers were tesied 0
4200 Ibs., resulung In no detectable yielding of the
receiver malerial.

S BELLOWS DEVELOPMENT

The inner conducror is consmained by the ceramic vacupm
windows and the shorung plate located on the quarter-
wave stub. The tee-bellows must accommodare thermally
induced expunsion and any misalignments of the assembly
when docking the vacuum window assembly to the power
coupler, So the cersmic windows musy react any forces
munsmuited by the bellows. Maximum allowable forces on
the ceramuc windows of 3-1b. axial force and 10-lb. lateral
force were set as design goals. Based on anricipated
thermally induced expansion and installation compression,
spring rates of 150 1b./in. maximum axial and 1000 1b./in.
maximum lateral are requued of the bellows. This
assumes no mechanical assembly preloads, The up
bellows allows adjusmmeny of the inner conductor tip The
up-bellows  spring rate  was  specified  at
150 Ibs./in. maximum wxal, with & compression of 0 in. 1o
0.6 in.

Bellows convolution shape was determined from RF
analysis and was oplnized for fabrication and spring raws
requirements. Three materials were pursued They ure Be-
Cu, elecyo-formed Cu, and Cu-plared stamnless stee] Be-
Cu was the primary choice because of its superior
mechanical propernes An elecrro-formed copper bellows
was the second choice. Type I eleco-formed copper has
4 bener yield strengrh than OFE Cu bur is snll susceptible
to work hardening, and there are issues with onrgassing,
weldability, and consistency m the bellows convolurion
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thickness. Other elecyo-form alloys and configuranons
were considered but were not pursued. Cu plated szinless
steel would add the process of brazing Cu end-rings for
welding w the assembly and would 4dd vhe issues
associated with the plating process. It 18 unknown whether
thermal und mechanical cycling, high power RF, or
elecron-beam welding wounld degrade the plaung, create
Ni flashing inverference, or affecr the plafing adhesion.

6 CONCLUSION

The engineennyg and experimenual effort has yielded a
power coupler design that analysis indicates has a power
transmission of befer than -40dB ar or around the 700-
MH: opcrarion frequency. Figure 4 shows the broad band
uansmission/reflection curve of the power coupler taken
from elecromagnetic simulanions. Fabrication of three
gamma prototype power couplers has been completed, and
they are scheduled 1o be tested on the Room Temperature
Test Bed [6] in the near furure
1.,
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Figure 4 Transmussion/Reflection Curve
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