Chinese Physics C (HEP & NP)

Vol. 32, #4T] I, Mar., 2008

Mechanical Stability Analysis of BPM Support at SSRF
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Abstract This paper concentrates on investigating the mechanical stability of a Beam Position Monitor
(BMP) support prototype of the Shanghai Synchrotron Radiation Facility (SSRF) project. Both finite element
analysis and vibration measurements have been performed. Inconsistent results between the simulations and

experiments motivate us to study three connections between the support and the ground: ground bolt (used in

the initial design), part grout and full grout (proposed in the later research). After changing the connection,

the first eigenfrequency is increased from 20.2Hz to 50.2Hz, and the ratio of the integrated RMS displacement

(4—50Hz) is decreased from 4.36 to 1.23 in the lateral direction. The mechanical stability is improved greatly.
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1 Introduction

The electron beam stability is one of the most im-
portant requirements for the Shanghai Synchrotron
Radiation Facility (SSRF) because its ground vibra-
tion is much larger than that of other light source
projects’. Beam Position Monitor (BPM) used to
monitor the beam position is a key component at
the SSRF, which requires more stability than other

mechanical structures'.

Therefore, how to damp
ground vibration is an important problem to the me-
chanical design of BPM support. This paper con-
centrates on investigating mechanical stability of the
BMP support prototype. Both finite element (FE)
analysis and vibration measurements have been per-
formed. In the initial design, connections between
the BPM support and the ground use ground bolts.
Inconsistency of the simulation and experimental re-
sults motivate us to study three kinds of connections
between the BPM support and the ground: ground
bolt, part grout and full grout. After changing the
connection, the first eigenfrequency is increased from
20.2 Hz to 50.2 Hz, and the ratio of the integrated
RMS displacement (4—50Hz, according to Ref. [3])

is decreased from 4.36 to 1.23 in the lateral direction
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(perpendicular to the beam movement). The mechan-
ical stability is improved greatly.

In the vibration measurements, the DH5920 data
acquisition system and the 941-B seismometers with
frequency range of 1-100Hz are used. In the FE cal-
culation, software ANSYS 10.0" is used. The signal
processing fundamentals are based on Ref. [6].

2 Modal analysis of BPM support

The BPM support (shown in Fig. 1) is a susten-
tation system of the BPM. It consists of three parts:
the adjustment system used to crutch the BPM (not
shown) and adjust in different directions, the bot-
tom plate used to connect to the ground and the sup-
port body used to sustain the BPM and provide the
enough the stiffness for the whole support system.

In the FE model, there are in total 33245 nodes
and 21412 elements including SOLID92, SOLID95,
TARGE170 and CONTA174. In the modal measure-
ments, connections between the BPM support and
the ground initially use ground bolts. After analyz-
ing we find that the results of measurements and FE
are different, which motivate us to try another con-
nection, the grouting technology. In the following,
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three kinds of connections are investigated.

= Adjustment systera

Support body

= Bottora plate

Fig. 1. Structure of BPM support.

A. Ground bolt connection

The cross section is shown in Fig. 2 (a). The in-
stallation steps are described as follows: first, to drill
four holes into the ground at appropriate sites; next,
to knock the ground nuts into these holes by ham-
mer. Because their cone-shaped sections have smaller
bottom and larger top (see Fig.2 (b)), the ground
nuts will finally be expanded and tightened; and fi-
nally, tighten the BPM support by using ground bolts
through four holes of the bottom plate and BPM sup-
port body.
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Cross sections of three connections be-

Fig. 2.
tween the BPM support and the ground:(a)

ground bolt connection, (b) cone-shaped
ground nut, (c¢) part grout connection, (d) full
grout connection.

B. Part grout connection

In this case, ground screws take place of the
ground bolts (see Fig. 2 (c)). Installation steps are
described as follows: to loosen ground nuts; lift up the
BMP support about 20mm high by using other four
M6 bolts(not shown in Fig.), and infuse the grouting
materials diluted with water into the middle of the
bottom plate and the ground. After 72-hour main-
tenance, the grouting materials will dry and tighten
the ground nuts.

C. Full grout connection

Different from part grout connections, in this
case(see Fig. 2(d)), the grouting material diluted with
water is infused nearly 100mm high after the BPM
support is lifted up 20mm.

Table 1 gives the modal analysis results of FE and
measurements. Fig. 3 (a) and (b) show the modal
shapes by measurement and FE analysis at the first
eigenfrequency when the BPM support has full grout
connections. Both shapes are similar with rock in the

lateral direction.

Table 1. The first lateral eigenfrequency (Hz).
connection  ground bolt part grout full grout
measurement 20.2 39.4 50.2
FE 56.7
1‘14::4' x.:‘ 2nd Fraquency Mode 1 Range (7617 Hz ) ANSYS
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-~ —
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Fig. 3. Modal shape with full grout connec-

tions: (a) measurement, (b) FE analysis.

From all these results, we can conclude that in
the case of ground bolt, the maximum relative error
between measurement value and FE analysis arrives
at 181%. Such huge difference can only be explained
by the different boundary conditions between the ac-
tual structure and the FE model. Stiffness of ground
bolt connection designed initially is much weaker than
ideally fixed restriction. Compared with the ground
bolt connection, part grout and full grout connec-
tions greatly improve the first eigenfrequencies, and
decline the relative errors. Therefore, connections are
changed into full grout in the last design.

3 Response analysis of BPM support

Response measurements have been performed on
the BPM support and ground simultaneously to un-
derstand their vibration-transmissibility effect in de-
tail. During the measurement, one seismometer is
put on the top of the support, another is put on the
nearby ground. After signal processing, the spectra of
displacement power spectrum density (PSD) are got
when the support has ground bolt (A1), part grout
(A2) and full grout (A3) connections (see Fig. 4). Val-
ues of RMS and their ratio (4—50Hz) between the
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top of the BPM support and the ground are shown
in Table 2.
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Fig. 4. The lateral displacement PSD.

Table 2. Integrated RMS lateral displacement (nm).
connection  ground top of BPM support ratio(4—50Hz)
ground bolt 22.3 97.2 4.36
part bolt 20.8 27.5 1.32
full bolt 22.1 27.2 1.23

Based on the results noted above, we can conclude
that:

A. Curves of the displacement PSD show the peak
values corresponding to the three connections are
20.2Hz, 39.4Hz and 50.2Hz, respectively, which are
the same as those shown in Table 1.
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