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Abstract

A real-time monitor of seismic vibration has been devel-
oped at the KEK Linac. The monitor comprises a VME-
bus-based computer as a front-end interface, an Ether-
net as a high-speed communication network, and a Unix-
based workstation as a host computer. The purpose of the
monitor is to provide basic knowledge concerning seismic
vibration at the KEK Linac, which will be important for
a precise alignment of the accelerator components needed
for any future upgrade of the Linac.

1 Introduction

The influence of vibration is one of the crucial problems
regarding future large-scale accelerator design, since vi-
brations may cause emittance growth or a reduction in
the luminosity at collision points [1}. It is therefore im-
portant to study the seismic vibration around KEK, since
knowledge concerning vibration is indispensable for a pre-
cise alignment of the accelerator components needed for
any future upgrade of the KEK Linac.

Some studies have already been carried out at KEK.
A building distortion caused by thermal stress due to so-
lar irradiation was reported at the ring of the Photon
Factory [2]. Ground motion in the frequency range be-
tween 10 mHz and 100 Iz was measured in relation to an
active supporting table for the Accelerator Test Facility
(ATF) [3]. In 1992, we also carried out an investigation of
environmental vibration with respect to the Linac beam
characteristics. Seismic vibrations in the range between
0.1 Hz and 100 Hz were measured in collaboration with
the University of Tokyo [4].

After the collaboration was finished, we have experi-
enced that it i1s important to have a real-time monitor
for vibrations which is always available at the KEK site.
Continuous observation is essential in order to determined
the origin of vibration noise. In this article, we report on
details concerning the real-time monitor of seismic vibra-
tion which we have developed. A discussion regarding
instrumental aspects is also presented.

863

2 Real-time Monitor of Seismic
Vibration

2.1 Setup of the monitor

A commercially available seismic probe (RION LS-20C,
an accelerometer with a sensitivity of 3 mV/gal) is used
for the monitor. Two probes, one for the horizontal (X)
and the other for the vertical (Z), were set on the floor of
the Linac tunnel [4]. We selected the frequency range to
be from 1 to 10 Hz. A low-pass filter at 10 Hz is used to
cut out the higher frequency region.

A schematic view of the monitor system is shown in
Fig. 1. Since the observation site i1s in the Linac build-
ing, it is convenient for us to utilize the resources of the
Linac control system (networks, communication software,
etc.) [, 6, 7). It comprises three parts: a VME-bus-
based computer as a front-end interface, an Ethernet as a
high-speed communication network, and a Unix worksta-
tion as a host computer. We are currently using a Force
computer (25MHz 68040, OS-9) for the front-end, and a
Sparc2/IPX for the host, respectively. It is worth noting
that the front-end and the host computer are physically
separated, and that both are interconnected by a commu-
nication network.

KEK-Linac control network (Ethernet)
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[Z]4— (RION LS-20C)

Figure 1: Schematic view of the monitor for seismic vi-
bration.
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2.2 Data-taking processes

The flow of signals along with the corresponding data-
taking processes is given in Fig. 2. Signals from two
probes are fed into the VME 12-bit ADCs. A sampling
frequency of 500 Hz is to be used for a future upgrade
of the monitor (see section 3.3), though it is not nec-
essary for the frequency region of current interest (1-10
Hz). Digitized data are buflered once on the memory
at the front-end VME computer, and then transferred to
the host at intervals of every 32 ms. Data transfer relies
on the network communication library [5] based on the
TCP/IP socket functions.

All of the subsequent processes take place in the host
workstation. The received binary-data is converted into
ASCII streams, then reduced by the appropriate ratio (in
our case 25) to be recorded in a raw-data file. As a matter
of fact, the raw-data file contains vibration signals digi-
tized using the 20-Hz sampling frequency.
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Figure 2: Data-taking processes. Finally digitized signals
are saved in a raw-data file.

2.3 Data analysis and display

A procedure for data analysis is given in Fig. 3. During
the usual operation, a raw-data is created at intervals of
every 102.4 seconds; then, the power-spectrum density
(PSD) is calculated. The old files (raw-data and PSD)
are kept in a scratch disk for a while for later analysis.

These PSD files are converted to a graphic screen on an
X-window with a general-purpose graphic tool.! In addi-
tion, the raw-data files are used to provide a time domain
display. An example of monitor display is presented in
Fig. 4.

IWe currently use "gnuplot”.
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Figure 3: Processes for data analysis and display.
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Figure 4: Example of seismic-vibration (horizontal signal
only) raw data. Eight successive intervals (819 seconds in
total) are shown.

3 Discussion

3.1 Data transfer through an Ethernet
We use a conventional Ethernet (10BASES) as a data-
transfer network. The overall transfer rate is roughly 2
kB/s, which is two orders lower than the maximum capac-
ity of an Ethernet. This fact tells us that more channels
(currently two) can be transferred.

The typical transfer time for the present 64-byte data
has been evaluated to be 5 ms. Taking into account a
random delay caused by a packet collision, the transfer
time is sufficiently short to ensure a repetition with a 32
ms interval.
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3.2 Real-time display

The refresh rate of the screen is set to be typically 10
seconds, which is sufficiently frequent compared with the
data-file renewal interval. However, a faster refresh rate is
desired in the future, especially for the raw-data display.
Since general-purpose graphic tools involve overhead to
fit our real-time requirements, a dedicated program for a
real-time presentation is desired.

3.3 Future directions

At present, we have only one monitoring station. It is
apparent that the observation of a few points separated
from each other along the Linac is necessary for inves-
tigating the origin of vibration and the location depen-
dence. It could be easy to extend the present system to
have more observation points by introducing copies of the
front-end system, and connecting them with the commu-
nication network.

The present probe (LS-20C) is insensitive for investi-
gating the frequency region below 1 Hz. In addition, a
displacement sensor is suitable for studying the effect of
vibrations on the accelerator characteristics. In any case,
other types of sensors should be considered at any future
extension of the system.

The standard interpretive shell programming tech-
nique, such as pipe and re-direction, is used in the host
computer (Fig. 2). It is especially convenient at the de-
velopment stage of the system. Moreover, it enables us
to utilize various conversion programs available at Unix
workstations. It is possible to monitor two frequency re-
gions at once by dividing the single ASCII stream into
two. For example, one stream can be used for the 0-250
Hz range, and another for the 0-10 Hz, for the case of the
present monitor.
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