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MECHANICAL QESIGN OF A HEAVY ION RFQ* 

S. Abbott, R. MacGill and R. Yourd 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, CA 94720 

Summary 

The mechanical design and construction of a 199.3 
MHz heavy ion RFQ for charge states q/A as low as 
0.14 is described. The vane supports and positioning 
adjustments are si gni fc;ant features of this design. 
They pro vi de the capability of a chi evi ng the 
precision vane alignment required. The maximum 
difference between calculated and measured apertures 
between the vanes is 0.0035 inches, <~nrl the average 
difference is 0.0010 inches. Various important 
aspects of the design and construction including 
material selection and plating, ~F joints, thermal 
1 oadi ng and vacuum system are describer!. Assembly 
techniques, methods of mechanical measurement, 
alignment and structure stability are discussed in 
detail. 

Introduction 

The radio frequency quadrupole (RFQ). 1 inac 
structure represents a significant advancement in 
accelerator design applicable to low beta linac 
structures 1. At LBL, RFQ 1 i nacs are plan ned for 
incorporation into two projects2. The recently 
constructed RFQ, discussed below, will be a 
significant component in the improvement of the local 
injector at the Bevatron, while another RFQ is 
planned as part of a future heavy ion accelerator to 
be dedicated for medical use. The RFQ design 
requirements for both projects are essentially 
identical. Optimization for heavy ion applications 
of interest at LBL has 1 ed to the requirements for a 
high degree of dimensional accuracy in the 
positioning of the vane tips. The RFQ has now been 
assembled and tuned at low RF power and holds promise 
for reliability and simplicity of operation. Early 
tests indicate that the structures' stability, 
dimensional accuracy and adjustabil i ty meet the 
requirements which are critical for successful beam 
acceleration and transmission. 

Mechanical Design 

Table 1 shows the required design parameters. 
Figure 1 shows a typical cross section of the ~FO. 
Each vane is mounted to the cavity using six 
cylindrical plugs equally spaced along the length of 
the cavity. These plugs fit into borer! holes in the 
base of the vanes and are aligned against precision 
ground flats on the outside of the cavity. This 
design provides for axial, radial and transverse 
degrees of freedom for precise vane alignment. 
Fiducial notches are located on each side of the 
vanes to faci 1 i tate accurate positioning of the vane 
tips. A numerically controlled onill with a 9'5 inch 
(2.44 m) bed was used to machine these fiducials 
during the same set up used to produce the JTiodul a ted 
surface on the vane tips3. Bars are mounted at the 
base of each vane for coarse frequency tuning. 
Provision has been made to i nsta 11 as many as five 
sets of vane coupling rings along the length of the 
RFQ. These aid in field stat,ilization of the 
structure4. One RF drive loop and one frequency 

*This ~.o~ork was supported by the Oi rector, Office of 
Energy Research, Office of High Energy and Nuclear 
Physics, Nuclear Science Division IJ.S. Department of 
Energy under Contract number DE-AC03-76SF00098. 

tuner 1 oop are 1 ocaterl in opposi nq quarlrants at the 
longitudinal center of the cavity. The frequency 
tuner penetrates the vacuum using a Ferrofluidic seal 
and is driven with a rl.c. gear motor. Ports for RF 
monitoring loops are located at six places along each 
quadrant. These are fixed position loops attached to 
coaxial, tvpe N connectors modified for vacuum 
penetration. 

Table 1 
RFO Oesign Parameters 

Structure 
Design ion 
Frequency 
Vane length 
Avg. bore radius 
Cavity radius 
Input energy 
Output energy 
Total No. of cells 
Radial matcher 
Exit matcher 
Normalized acceptance 
Transmission 
RF power 
Stored energy 
Duty factor 
Vane-vane voltage 
Max. surface field 

4 vane loop driven 
2flsi+4 
199.3 "1Hz 
224.qfi em 
O.?.t;4 em 
1 c;. 583 em 
fl.4 keV/amu 
200 keV/amu 
:w; 
n.4 em (20 cells) 
c;4 em (45 cells) 
O.O'i pi cm-mrad 
90% 
100 Kw peak 
0.6J 
0.002 
t;l kV 
27 MV/m 
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Figure 1: Tvpical cross section of R~'"Q 
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M~terial Se lect ion an~ Platin~ 

Fully annea led mild steel (A-106'3 and A-16 steel) 
~~~s the 1na terial of cho ice for the ca vity and Vilnes. 
Annealing at 870°C after rough machining, ~n d the 
proper finish mac hi ni ng procedure all owed the vanes 
and the flats on the outside of the cavity to be 
maintained straight within 0.005 inc hes over the i r 
full length . The ca vity end plates, frequency tuning 
bars (mounted to the base of the vanes ) and the van e 
coupling rings were manufactured from co pper. 

All vane and cavity surfaces were plated with 
bright acid copper 0.001 to 0.003 inches thi ck except 
for t he modulations and fiducial notches at the vane 
tips which were cya nide copper plated 0.0002 to 
0.0005 inches thick. Thin plating at the tips 
s i mplifi ed the procedures required to maintain the 
d i mensio nal accuracy of the modulations and firiucial 
notc he s. Spa rking tests5 shm~ed the "as machi ned" 
vane surface on the tips was satisfactory for holding 
t he design voltage of 51 kV between va nes . 

RF Joints 

Ca nted co il springs and fin ge r co ntact st rip are 
the t"'O t ypes of ~F joints used throughout the RF(). 
The canted coil sprinqs are used for the vane to 
cavity :1nd vane co,Jpling ring I(F joints . These round 
wire springs are formed into a slightly elliptical 
cross sect i on. When viewed from the s i de they are 
ca nted o ver at approximately S2° from the 
ho ri zonta 1 when u n 1 oaded. The springs for the vane 
to c avity joints are compressed from a he ight of 
0.220 to 0.180 inc hes without exceeding the yield 
stt·en~tll of the sp ring. The springs make excell e n: 
RF co ntact due to their high point l oading a s they 
slightly upset the copper surfaces ~~here t hey mak e 
contact. Springs used for the vane to cav i ty joi nt s 
were ~~ound fr om bery llium copper wi r e a'1d 

. precipitation harde ned to maintain good spr ing 
properties under co nsta nt loadi ng. Spr ings used for 
t he RF joints between the vane couplin g rings a nd the 
vanes were mnrlP from strai n hard e ned 302 sta inles s 
steel. All springs were silver plated 0.002 to 0.003 
inches t hic k. The canted coil srri ngs were 

·commercia ll y avai l able. The stainl ess steel spri ngs 
were standard items 1~hile the beryllium coppe r 
springs were specially 1~ound to LBL specifications. 
Commercially avai l ab l e f inger c ontact strip was used 
for the RF joi nts on the frequency tuning bars at the 
base o f each vane. The stri os ;~ere s0ft so l de red to 
the tuning bars in a position in which t hey are 
protected fro"l damage rluri ng i nsta11 at ion or removal 
of the bars. 

Thennal Loading 

Therma l l oading of the cavity and vanes is low 
due to the duty factor of 0.002. The ca l culated 
c hange of t he average bore rad ius between vane tips 
and the cha nge of the ca vity radiu s from thennal 
l oading is 2. 78 x lo- 5 inches;oc and 6.95 x 
lo-5 inches;oc resoectively . To insure that the 
s tructure would r emain dimensionally stable with 
changes i n t he ambient temperature thennal 
stabi li zation tu bes were added a l ong the ou+.:sid e of 
t he ca vity. Slots were machined along the full lengh 
of the cavity into which copper tubes were pl aced as 
shown in Figure 1. A mixture o f ind ium , ga llium and 
tin was brushed on the tubes a nd into the slots prior 
to assemb l y to insure good thermal contact between 
the tubes and ca vity. The vane jack ing bars which 
are keyed into the slots also serve to ompress the 
tubes against the cavity. A co ntroll ed flow of warm 
water throu gh the tubes maintains temperature 
stability of the structure a t approx ima te l y 3S°C . 
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Assembly and Alignment 

The RF"i was .~ssemhl erl on a test stiln~ wJ,ich had 
roller supports oer<TJittin'l the cavity to be Pilsily 
rotated 1s~o a~out its lon1itu~inal axis. This 
feature oroved to ~e verv helnful 'luring assembly. 
The assembly procedure was ~s fall o1~s. A thin 
polyethylene sJ,eet was olaced in the cavity, and a 
vane was slid into the cavity on the sheet. The vane 
was then lifted and the sheet removed. The vane 
mountin'l nlugs ilnrl Garlock fJU (low friction hearinq 
"laterial) washers were then installer!, anrl the cavity 
and vane ~olted together through the plugs. The 
Garlock nu material is user! between the vane "lounting 
pl ugs i1'1rl cavity to allow for transverse arl.iustment 
of the vane with the mountin'l ~olts fullv loaded. 
Vane iacking hars keyed to the outside of the cavity 
are "l'lunted on each side of the vane plugs. .Jacking 
screws threaded through these bars are used tn push 
the van e mounting plugs for transverse vane 
positioning. The vane was transversely cent~rerl 
about the 1onqitudina1 axis of the cavitv fJy 
measuring from the precision ground flats on the 
011tsirle 0f the cavity to the fiducial notches on eilch 
sirle of the vane tip as shown in figure 2. 

Figure 2: Measurinq transverse position of vane 

This measurement determined the thickness of the 
shims ·.~hich were placed on O'le sirle of each vane 
mounting plug between the pluq and jacking bar. 
~easurements were then taken ~rom the qrounrl flat nn 
the cavity oooosite the vane tip tn the peaks o~ 
modulations on th~ vane tios at six olaces alonq the 
length of the vane as si-J01~n in figure 1. The 
mountin'l pluqs were then removed, i!nr:l the height of 
each nluq was milchined tn its ~inal rlimension so that 
when re-installed the vane mnuntinq olugs locaterl the 
vane tip at its proper ra1ia1 location. This 
procer:lu re was repeaterl for eilch of the vanes. All 
four vanes \~ere then installed along 14ith the qF 
springs. A on inch 1 onCJ Di a test bore "leas uri ng 
ins trume nt with a s0er.ial mndified nro'>e tip v1as IJSe-1 
to ~easure the aoerture between opposinq vane tips as 
shn1~n in figure 4. "1easurements '~~re taken at six 
pl aces equally spaced along the lenqth and are shown 
in table 2. A 10 inch lonq fJiatest '>ore instrument 
"'as used tn "leasure the vane spacing b~tween arljacent 
vanes ~~hich were within 0.002 inches of the average 
adjacent gaps at each location. R~peilta~ility of 
measurements after removal anr:l reinstall at ion of a 
vane nr vanes was within O.OOOS inches. 

,. 



Figure 3: Measuring radial position of vane 

Figure 4: t1easur i ng aperture between vane tips 
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Vacuum Svstem 

A press,Jre reqtli ref!lent of 1 n-5 Torr in t:he heam 
aperture has heen calculated using experimentally 
measurer1f1 charge exchange cross sectinns. Eac h 
quarlrant of the RFI) is pumoer1 through radial ports 
1 ocaterl in the cavity 150 em frolll th<> entra11ce enrl 
tJ sing Cryo-Torr 7 crvooenic pulllps. Aluminum wire is 
userl "or 11ak inq the vac'JIJ"l seals nn the enrl r: ove rs 
anti pufllp ports so as to minimize outgassing. Viton 
0-ri ngs are userl ~>vervwhere else except on t: h ~> flF 
drive l oop where Teflon seals are used. Vacuuf!l 
f!leasuref!lents have not yet been mar1e. 

Table 2 

Difference Set~o~een )1easurer1 and Ca lculated Vane Tip 
Spac1ng Taken at Six Locations Equally Spacefl Along 

RFO Length 

6 A -0.0007 -0.003'i - 0.0()25 -l"l.OOl'i -0.0()15 I+'J.0()08 ! 

6 B +0.0009 -0.0002 -0.0003 -0.0012 -0.0010 -0.001~ 1 

A 

Where 6 A, a11d 6 '3 are equal tn the meas•1rerl values 
minus the calculated values (in inches) of A anr1 B. 
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