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Abstract In our system two sets of 18 transducers, called WPMs (Wire
Position Monitors), will be fixed alontyvo straightsections
Thecryostat designed fahe superconducting cavities of theinside thecryomodule to provide a complete 3D analysis of
Tesla Test Facility (TTF) is quite a complex structure withthe displacementsThey will be assembled otitanium
strict requirements on the alignment of the differensupport arms (designed lyesy), in order to bind their
components at théHe temperature. Asystem able to position to thecold mass (RF cavitieand aquadrupole).
measure on-line misalignments on the full length of th&ach WPM is similar to a beam position monitor. It contains
cryostat module (12 meters longuring cool down and 4 antennas and thtfferential signal strengtheceived from
operation procedures seemsvery useful tool inorder to  oppositepairs is the quantity of interest. TN#PMs receive
verify structural analysis computation. A microsttiased their signalfrom a stretched wire excited by a 1¥hz RF
systemusing a stretched wirbas been designed fothis  signal andcentered inside a tube. Thebe isthe outer
purpose in our laboratorypesywill provide the stretching conductor in a coaxial structure which presents a constant
system forthe wireand thesupport system fothe position impedance to the signahdwhich shields the signdtom
transducers. In this paper we will presamd discuss the external interferences. The wire is stretched by means of an

design based on warm and cold tests on a prototype. externalsystem (designed &@esy)which will also provide
_ the reference to the wire.
Introduction The design of the TTBystemhad totake into account a lot

of constrains due to the peculiar operating conditions. The
The TTFfacility will consist of four 12 m long cryounits most important havéeenthe wide range of temperature
each with eight 9-cell superconducting cavities operating &rom room temperature up to the operating one of 2°K), the
1.3 Ghz andone focusing quadrupole. Beam tests will beeed to contain the overabwer consumption at 2°Kew
carried out at about 500 MeV. Watts)and thefactthat thesystem, aftethe finalassembly,
The test programfor TTF includes measures of thavill be inaccessible.
cryomodulealignment stabilityand reproducibility during
cool-down/warm up operations. Details of the apparatus
In the TTFcryostatthe cavitiesare suspendeand aligned
off a large 300 mm diameter helium gas return pipe. Thre€he mainelements of the apparatus are YWeM, thewire
support posts, derived from the SSC magmgostat design, and thecoaxial tube, the REables fronthe WPM up to the
providethe warm tocold supportransition from theoutside exit connectors, the read out electronigsd the data
of the cryostat tothe helium gas header. Cavities are firsacquisitionand analysis system. lithe following we will
assemble@nd aligned with a standaagtical system in an describethe characteristichoices for each one of these
alignment fixture. The required alignment toleranimeshe elements. A more detailed description is available in Ref . 3.
elements inside a cryomodwee 0.5 mnfor the RFcavities
and 50um for the quadrupole.After final assembly inside theThe WPM
cryomodule the stability of the axis position will be on line
monitored during thermal cycles with a resolution ofib®. A schematic layout otwo WPMswith their supporting
frames, is shown in fig. 1. It is of the stripline kind witur
Method electrodes matched to 5D andsymmetrically placed at 90°
each other. The downstream end of each stripline (relative to
On line monitoring of the relative position of the differentRF propagation) is terminated to &and theclear aperture
elements inside aryomodule will be accomplishagsing a is of 12 mm. The aperture has been imposethéprevision
stretched wire alignmerdystem. A detailed discussion of about the displacement of the supports duringctiod down:
this methodmay be found inthe literature, since llasbeen Ay=1.6-1.8mmand Ax=0.3-0.6mmrespectively for cavities
already used forthe precise measurement of transpoaind quadrupole.
components in beam lin€% . Taking as aeference such an Striplines are 2.6 mm widthand 64 mm long. The
experience®® we have designed a measuring instrumentharacteristic impedance of a stripline measured alone is 50
able to work at LHe temperature. Q (SWRhasbeen measured lefisan1.1 from room up to
LHe temperature). The wire-stripline couplingnd the



crosstalk between adjacesitiplines have been measured agsemperature (taking into account that thieolelength of the

39 dB and >55 dB respectively.

The choice ofthe materiafor the WPMs and for the

coaxial cables inside eryomodule will be ofthe order of
400 m)and good RF behavior haviémited the choice of
available cables.

electrodeshas beenthe consequence of measurements offhe actual design hdsen based on a coaxial cable of 2.70

prototypes from room up td_He temperature. Brass,
titanium and aluminum hadeen tested. Fothermal
compatibilityandweight considerations, these ofstandard
microstrip for electrodedas been discarded, while solid
aluminum (copperand silver plated)hasbeen chosen both
for the WPM body and electrodes.

RIGHT

Fig.1  Schematic layout of two WPMs with their
supporting frames

The wire and the coaxial tube

The wireemployed is &.5 mm diameter berylliurnopper
wire. The choice ofthe material habeen imposed by the
need to use amagnetic materiafgl thepossibility to stretch
the wire with anhigh tensile stresgof the order of 100

Kg/mn). This will reduce, under the operating Conditionsdeveloped according

the overall sag of the wire at 2.0@m. Power loss on the
wire is of the order of 0.2 dB at room temperatame itwill
be negligible at LHe temperature.

mm diameter with center conductor of copper clad stainless
steel wireanddielectric of Kapton tape. Attenuation at room
temperature is of 0.25 dB/andoperation up to -270°C has
been proved. The computed heat load at 2 K for each cable is
18 mW. This figure will give an overall load of 2.6 W.
Connectors willfollow a special mechanical design to fit to
the cable.

50 Q terminations will be fitted directly on the WPNThis
would reducethe number otables,and related problems.
Terminations hasbeen tested from room up to LHe
temperatureand negligible variations ofSWR has been
measured at 140 Mhz.

Read out electronics

The electronics which handle the signals coming from the
WPMs hasbeen designed according ttee BPM electronics
used at Sincrotrone Triesfé.

The RF signal exciting the witeas afixed frequency of 140
Mhz and apower of 10 dBm.The detector electronics is
composed of three parts: the RF input, the
IF/AGClintegratorand  thiening/ADC/DAC. Two main
features of the detectare responsible for its stability and
linearity. The first one is thehoice to switchall thefour
inputs coming from a singl®VPM to a common readout
electronics with a fouchannel PINdiodes multiplexer. The
second one is these of AGC circuitry in order to keep the
highest electrode detects@nal at the same outplatvel in
the full dynamicrange. This guarantee the highest linearity
and thebest S/Nratio in ADC conversion (ithas been
measured of the order of 0.5 bit).

A characteristic of thevhole design ishat theelectronics is
completely controlled by aexternal CPU which provides
gain control, synchronization signalnd data handling
capabilities. Such a feature reflects in a simpler analog
electronicsand provide and easierway tocalibrate and
control the board. The detector electronibas been
the VXI format, in order tamprove
noise immunityand totake advantage of the largboard
size. Each board wilhccommodate¢he componentfor the
control oftwo WPMs.The interface toward thePU (which

The coaxialtubehas an internal diameter of 12 mm and iSg 4 Eltec Eurocomm 17, 6808@sed @33hz with FPU)

made of copper.
RF coaxial cable and connectors

The choice ofthe connectorand RFcoaxial cables to
transport the signal froMWPM tothe external of the
cryomodule has been a major technological challenge.
Radioactive environment have limitethe choice of
dielectric materials for connectoamd cables. Capability to
work at cryogenic conditions wittow power loss at LHe

is based on VME.

The amplitude detector (whichas been modified with
respect to the Trieste desigand is a XR2208) has avery
good linearity (< 0.1%) in a 20 dB range. An input
amplifier stagehas been added obtaining an Rgignal
sensitivity of -60 dBm with a dynami@ange of 30dB. The
BPM detector cannot process the signal in less thars 560
the maximum rate of acquisition is of the order of 20 Khz
for a single stripline. Under operating conditions the



acquisition rate is of 1 Khand theCPU performs an on increasing distance from the electrical center of the WPM.
line averaging of the readings. The algorithm He®n Using Mathematica, the data froprevious measurements
designed to rejedhe naturabscillations of the wirdof the have been used to computie coefficient of two
order of 4 Hz)and tocontrol the rmsdeviation of the dimensional polynomial curves. An excellent measure over a

readings. large portion of theWPM aperture hadeen obtained, as
shown in fig. 2. Ovethe 50% of the aperture, we have got
Data acquisition and analysis system less than 10 um of error, mainly due to mechanical

uncertainty both fothe x andor the y coordinate. The
On line control of the detector electronigsd handling of electronics contribution is less thaqi.
data acquisition from each one of th&o structures is
performed by a VME 68040 CPU fitteédside the VXI 10 + AX [um]
crate.Raw data acquisition, averagirgnd corrections with
polynomial curveare performed ahis level. A localhard
disk stores data as a first level security.
Using an NFS based structurdata are transferred on a
dedicated NFS server which provides functionalities of
sharing databetween consumer processes. These may be
those of theconsoles ofthe monitoring apparatus or,
eventually, one of the control system of TTF.
Local consoles will be based on Pcs employing LabVIEW as
basic software. They will provide offine monitoring
functionalities, with thecapability to display displacement
versus time for a whole structure or for a singM.
Further data processirfffequency analysis, power spectrum
of any instability, etc.) will be possible tddata storage will
be accomplished as a second security level.

Measures

A test fixturehasbeen constructed fanapping theesponse
of single WPM. The wire is mounted infized position and
the RF signal is applied to it. TAPM is assembled on a
two axis translation stagand can b@ositioned anywhere  Fig. 2 Error in position measurements

within its aperture. Thabsolute accuracy tfie positioning )

system is repeatable to aboutum. The structure is 1.2 Conclusions

meters long, with th&VPM mounted betweewo sections

of pipe which presents the correct boundary conditions. ~ We have developed a system able to measure displacements
The electronics reading chain is the same as the final one.over arange of 6 mm withresolutions up to 1Qum.

The whole process is controlled by a LabVIEW dedicateomponents have been desigrei tested for operation at
program. 2°K. The final system isunder constructiormand itwill be

As expectedthe dependence of the response with respect fgady forthe installation in a TTEEryomodule bythe end of

the position of the wire can baescribed by &rd order July 1995.

polynomial, with a small couplingpetweenthe coordinate
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over 50% of the mechanical aperture is guaranteed.
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