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Summary

The paper reviews the design of the mechani-
cal companents of the UNILAC as well as some results
of prototype tests and of different technological
approaches. Preliminary results on copper plating of
the test cavities with Q values higher than 95 % of
their theoretical value are discussed. Some data
about the tank electroplating plant are given. The
paper presents the mechanical design of the Widerde
and Alvarez structure and the single-gap cavities.
Some details are given on the tank design as well as
on the different versions of drift tubes. A general
description of the cooling water system is included.

Introduction

After many years of design studies, prototype
work, experiments with models and different techno-
logy-tests, the mechanical design of the UNILAC has
been completed. Nearly all main components of the
machine are elready ordered and the assembling of
the first accelerator part - the Widerde tank No 4 -
will start early in 1873. This cavity will be tested
as the first unit of the whole machine under rf
power at the end of 1973, Parallel to this activity
the other Widerde tanks, both Alvarez cavities and
the single-gap cavity groups will be preassembled in
the injector hall and afterwards moved into the
accelerator tunnel. It is planned to finish the me-
chanical assembling of the whole UNILAC in mid of
1874.

Although the machine consists of many physi-
cally and mechanically different accelerating struc-
tures, its concept reflects the same design princi-
ples. This philosophy is based on the standardiza-
tion of the sub-components (e.g. 112 Alvarez drift
tubes are equipped with only 5 different guadrupole
types) and the possibility of preassembling the in-
dividual cavity sections and the successive hbolting
together the vacuum checked and roughly aligned
units into the final tanks. Furthermore, all the
accelerating structures are made up from copper
plated mild steel.

Throughout the machine gold-wire gaskets and
Con Flat flanges are used as high vacuum seals and
rf contacts. The application of gold wire as the
main rf and vacuum seal between the tank sections,
end walls and drift tube supports was possible due
to the relative hard surface of the copper layer
plated on the inner and front side of the tank sec-
tions.

The joining of the tank sections by gold wire
gaskets enabled the reduction of the number of wel-
ding seams exposed to high vacuum to only one along-
side the cavity. Although pretty good results have
been obtained with vacuum tightness of the gold wire
joints during many years of exploitation (5,6), the
gold wire gaskets are backed up all over by soft va-

cuum volumes sealed off to the atmospheric pressure
by elastomer seals. The end walls of the tanks in
all three different accelerating structures consist
of thin copper plated steel plates {"membranes”)
isolated from the atmospheric pressure by a soft va-
cuum backing.

The design of the drift tubes for the Widerde
and Alvarez structures follows principles of series
production, which provide not only cheap industrial
fabrication but also fast rebuilding of daemaged units
from a small variety of spare components.

Copper Plating Technology

As it was already described before (2,3,4),
from the early beginning of the UNILAC project
studies it was aimed to base the cavity design on
the principle of electrolytically produced cavities.
Initially the electroforming technigue was envi-
saged and two single-gap cavities have been built
for prototype evaluation. The results obtained (2)
showed that although the physical properties of
these cavities were excellent, the high cost of
production, especially in the case of the 2 m dia-
meter Alvarez tank sections, excluded this method.

Experience gained from an electrolytic pro-
cessing program led to the decision of starting
studies of different methods and approaches of
copper plating technology. Although a much thinner
copper deposit would be adeguate for optimum rf con-
ductivity (3) a copper thickness of 0.2 mm was
chosen as a mechanically sound value.

The particular treatment was selected after
a few years of studies using different bath types,
and the products of several companies have been
tested} e.g., for the main acid copper bath the per-
formance of seven different organic brightening
agents have been studied. Alsc different methods
of electrolytic degreasing as well as different
copper or nickel strike treatments have been eva-
luated.

For comparing different electroplating solu-
tions small sample cavities of a diameter of 30 cm,
with a resonant freguency of 767 MHz, as well as
different flanges and plates have been copper pla-
ted. The prototypes were checked on their mechani-
cal properties as: adhesion strength of the copper
layer to the steel, outgasing characteristics,
roughness of the copper surface, and on their elec-
trical properties as: dc conductivity of the copper
layer as well as (Q-value of the sample cavities.

With the plating process described below it
was possible to obtain copper plated sample cavi-

ties with following reproducible properties:

a) bright surface of the 0.2 mm thick copper de-
posit;
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b) satisfactory sticking of the copper layer to

the steel base;
c) outgasing rate of 1 -310" % Torr+1-sec™! om~2;

d) smoothing
to copper

coefficient (steel surface roughness
surface roughness ratiol =10;

e) good scattering of the copper deposit into
holes and on the outer side of the cylinder as
well as relatively small excessive deposits on
the edges of the cylinder.

o,

f) dc conductivity of the copper layer of 96 %
IACS

g) Q-values of the sample cavities of about 896% of
their theoretical value calculated for a dc

conductivity of copper egual to 100 %
IACS = 58+ 10~7 mhos - m~!.

Besides small cavities and samples also full
scale components of UNILAC like a Wider8e stub line
prototype (fig. 3) have been satisfactory copper
plated.

The following copper plating treatment was
chasen for fabrication of UNILAC components:

Container No Process Solution
a) - degreasing with
water vapor beam
10 kp/cm, 180°C
b) 1 Electrolytic de- NaOH: 30 g/l
greasing and NaosCO3: 40 g/l
rust removing 5-10 A/dcm?
50 - 60° C
time: 4 min with
polarity reversion
cl 2 water rinsing
d) 3 sulfuric acid 5% H2504
bath or 10% HBF4
208 C, 30 sec
e) 4 water rinsing
f) 5 nickel strike H3B03 40 g/1
NiC1ls, g0 g/1
NiSOy 270 g/1
Ni ion 80 g/l
Ci dion 27 g/1
main brightening agent 1 1/10000 Ah
detergent agent 0,5 1/10000 Ah
500 C; pH=4;10min ; 3 A/dm?
gl 4 water rinsing
h) 3 acid bath as d)
i) 4 water rinsing
k) 6 acid copper bath CuSOy - 5(H20)220g/1
(Cupatier-bath HzS0y 55g/1
"80 L") X} Cu ion 80g/1
Cl1 ion 60 mg/1

brightening agent "Cu 407" 1.5 1/10000 Ah
smoothing agent "Cu 607" 1.5 1/10000 Ah
detergent agent "807" 0.8 1/10000 Ah
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259C; 5-7 A/dm?

air agitation 200 m¥/h
cylinder rotation 7-36 rpm
bath cooling 60000 kcal/h

bath circulation 5000 1/h
1) 4 water rinsing
m) 1 electrolytic degreasing as b) without
current
time: 1 min
n) 2 water rinsing
o) - hot water rinsing

X)

trade name of the supplier

For the plating of the
biggest Alvarez tank sections
and are 2.6 m longl) a special electroplating plant
is being installed (fig. 4). The hall for this pur-
pose has a floor area of 620 m? and has a 420 m®
pit, a 12 V/10 kA rectifier and 7 containers with
the volume of 18 m® each.

UNILAC components (the
are 2 m in diameter

Mechanical Design of UNILAC

The accelerating structure of UNILAC consists
of three main components: 4 Widerde tanks, 2 Alvarez
resonators and two groups of 10 single-gap cavities
each (1].

In the case of Widerde the coaxial-line struc-
ture with magnetic focussing in "outer” drift tubes,
which are supported by the tank wall, was chosen
(fig. 2). Contrary to the twin line structure, this
solution makes the adjusting and the supply of DC
current and cooling water to the drift tubes and
quadrupoles simpler. The inner drift tubes without
quadrupoles are screwed on the sections of inner
conductor main line. The rf power coupling loops
with domes as well the slug tuners are placed al-
ways in the last stub line of each Widerde tank.

For coarse tuning of the field pattern one can use
shorting plates of the stub lines (fig. 5).A1l com-
ponents of the Widerde cavities, especially inner
conductor main line, inner drift tubes and stub
line shorting plates are cooled separately in order
to control the thermal expansion.

In the case of the Alvarez structure each
drift tube is supported by two adjustable stems. The
two-stem design was chosen, after several experi-
ments with prototypes, in order to minimize transverse
mechanical vibrations. The rf end walls ("membranes”)
are similar to those used in the single-gap cavi-
ties. They are backed with soft vacuum and clamped
on the cast iron spiders (fig. 6, 15). The rf drive-
loops are isolated from the high vacuum by ceramic
domes covered with a semiconductor layer. Besides
the fine tuning with slug tuners, a solid bar is
being used for the rough adjusting of the field dis-
tribution inside Alvarez cavities (103}.

The design principles of single-gap cavities
are nearly identical to those of the Alvarez struc-
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ture (5, B). The coarse tuning is provided by
changing the gap length. In contrast to the half
drift tube bodies, the quadrupoles inside can be ad-
Justed transversally to the beam axis from the out-
side of the cavities (fig. 7).

Tanks

All tank sections are manufactured from mild
steel being copper plated afterwards. The thickness
of the tank walls (22 - 32 mm) makes it possible to
machine Con Flat-flanges directly on the wall ma-
terial. Contrary to other structures, the Alvarez
tanks are machined conically (2.4 mm/m). The inner
surface of both Alvarez and single gap-cavity tank
sections have to meet tolerances * 0.5 mm and a
surface roughness less than 16 um before the
plating treatment. In the case of Widerde structure,
due to the relatively small loss of rf power on
the cavity walls, the inner surfaces of the tanks
are only ground. The cooling of the tank walls
throughout the accelerator is provided by water
jackets (3 - 5 mm thick).

Drift tubes

Drift tubes for the different accelerating
structures are based on common design principles.
Their fabrication technology as electron beam wel-
ding, vacuum brazing, copper plating of the stain-
less steel and monel, heli-arc welding etc, which
was finally chosen after many experiments with pro-
totypes, can be seen from the figures S - 14. OFHC
is chosen &ll over. The mechanically stressed parts,
like stems and flanges, are made mainly from
copper plated monel.

The quadrupoles are positioned in the drift
tube bodies by a tight fit of the ycke inner dia-
meter to a shoulder cut into the drift tube caps.
The material for the first eight guadrupoles of the
Widerte structure has a 20 kG/10 Oe quelity in order
to obtain field gradients up to 10.5 kG/cm. The iron
for other guadrupoles has the quality 16 kG/30 QCe.
Quadrupole apertures increase along the accelerator
as follows: Widerte tank 1 20-30 mm, tank 2 - 4
and Alvarez tank 1 30 mm, Alvarez tank 2 35 mm,
and single-gap cavities 45 mm (4).

There is soft vacuum inside the stems and
drift tubes. Flexible bellows on stems lie in the
case of Alvarez structure outside the tank peri-
phery (9). In Widerde tanks they are inside the
periphery and are water cooled.

The caps of the half drift tubes of the
single-gap cavities have been made of pure alumini-
um explosion clad aon copper. As the experiments
with prototypes showed (7, 8), this material
guarantees lower spark rate and x-ray level and
shows better performance during conditioning and
less tendency to surface contaminations as well.

Cooling system
The UNILAC cooling system is divided, on the

primary side, into four different circuits accor-
ding to the cooling medium quality (fig. 16).

For the cooling of the cavities and the
copper drift tubes treated water will be used. To
prevent corrosion, water quality will be adjusted
to following specification:

pH value g - 10
electrical conductivity < 100 uS/cm
hydrazin 25 - 30 ppm
ammonia < 10 ppm
iron < 1 ppm
copper < 0.1 ppm
oxygen < 0.02 ppm

The cooling system of magnets, which con-
sists of stainless steel and copper, will have
water of electrical conductivity lower than 20 uS/cm.
For cocoling of rf generators, where the cooling
fluid must be fed by a short insulating path to
high potential components water conductivity must
be lower than 1 uS/cm.

The cavity water system provides cooling and
close temperature control for cavity walls and
drift tubes. Due to the different rf power losses
in the structure during different operating modes
(different accelerated ions, accelerating field
levels and duty cycles) each cavity has to be
cooled by an independent primary circuit.

Temperature of the inlet water in the cooling
circuits is controlled to provide a constant mean
temperature of 26 * 19 C for the tank walls for
different rf power levels.

The magnet and rf generator cooling cir-
cuits will have a central water processing plant
and local ion exchangers.

All systems are equipped with plate heat ex-
changers only. The cooling water in the secondary
system is protected against any interaction with
oxygen.

Normally an open cooling tower plant will
remove the heat load from the secondary circuit.
However for full power operation modes of the
accelerator, supplementary town water may be re-
quired on a few summer days.
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Fig. 8 Prototype of two single-gap cavities Fig. 9 Components of the Alvarez drift tube
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