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Abstract 
HLS Ⅱ is the second-generation light source with energy 

of 800 MeV and emittance of less than 40 nm ∙ rad. In or-
der to improve the beam orbit stability and correct the er-
rors introduced in the orbital feedback system due to move-
ment of the vacuum chamber and BPM, a system for meas-
uring BPM displacement will be built. It requires a high 
degree of mechanical and thermal stability for its supports. 
The support should have a higher eigen-frequency to min-
imize the amplification of ground vibration. In this paper, 
a series of simulation, including finite element analysis 
(FEA), measurement and analysis have been done upon the 
support to make sure it can meet the requirements of the 
stability of the BPM displacement measurement system. 

 

INTRODUCTION 
The beam orbit stability is an important indicator to 

measure the stability of the synchrotron radiation source. 
There are two main factors that affect the stability of the 
beam orbit. One is the vibration of the ground and other 
systems, which requires highly mechanically stable sup-
port. The other type is due to synchrotron radiation and 
changes in ambient temperature, which lead to the expan-
sion and deformation of the vacuum chamber, causing 
BPM movement and misjudging the position of the beam 
orbit. The misjudging will introduce errors in the orbit 
feedback system and decrease the stability of the beam or-
bit. Therefore, a BPM displacement measurement system 
is needed to correct the orbit feedback system. 

The general requirement of the beam orbit stability is 
less than 10% of the beam size and near the insert device, 
it requires less than 5% [1]. Figure 1 shows the cross sec-
tion of the beam at B8, where the vertical beam size is  
210 μm and the horizontal beam size is 379 μm, so the vi-
bration of the beam orbit needs to be less than 10 μm. For 
the stability of the BPM displacement measurement sys-
tem, the vibration of the BPM displacement measurement 
probe is required to be far less than 21 μm in vertical and 
38 μm in horizontal. In order to meet the high stability of 
the BPM displacement measurement probe, the probe 
needs a support with high mechanical stability. Consider-
ing the difference in beam size between vertical and hori-
zontal directions, the vertical and horizontal stability of the 
support are expected to be less than 210 nm and 380 nm.  

 
Figure 1: Cross section of the beam at HLS Ⅱ B8. 

ANALYSIS  
Analysis of Vibration Model 

The support system can be simplified to the model [2] 
shown in Fig. 2, where y represents the harmonic displace-
ment of the support point and x represents the displacement 
of the mass M. Considering the stiffness k and damping 
coefficient c, the equation of motion shows in Eq. (1). 𝑚𝑥ᇱᇱ ൅ 𝑐ሺ𝑥ᇱ െ 𝑦ᇱሻ ൅ 𝑘ሺ𝑥 െ 𝑦ሻ ൌ 0                  (1) 

In Eq. (1), 𝑦 ൌ 𝑌 sin𝜔𝑡 has been assumed for the mo-
tion of the support point. 

 
Figure 2: Vibration model. 

 
The steady-state amplitude from this Eq. (2) is ௑௒ ൌ ඨ ଵାቀଶచ ഘഘ೙ቁమሾଵିቀ ഘഘ೙ቁమሿమାሾଶచ ഘഘ೙ሿమ                                (2) 

where damping ratio 𝜍 ൌ 𝑐 2√𝑘𝑚⁄  and eigen-frequency 𝜔௡ ൌ ඥ𝑘 𝑚⁄ . 
 Equation (2) is plotted in Fig. 3. As shown in the Fig. 3, 

the closer the eigen-frequency of m is to the base, the larger 
the vibration amplitude of M. Since the vibration of the 
ground and the base are mainly concentrated at 0-50 Hz, 
the eigen-frequency of the support needs to be increased as 
much as possible. 

 ___________________________________________  
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Figure 3: Relationship between amplification factor and 
eigen-frequency. 

Analysis of Platform Vibration 
The ground vibration is transmitted to the BPM displace-

ment measurement probe through the platform and the sup-
port, as shown in Fig. 4. According to the source of vibra-
tion, it can be divided into natural vibration and human ac-
tivity vibration. The relationship between the power spec-
tral density (PSD) of natural vibration and the frequency of 
natural vibration is approximately proportional to 1 𝑓ସ⁄  . 
The vibration of human activities is related to the human 
activities near the storage ring, including the vibration gen-
erated by the storage ring and by surrounding transporta-
tion. HLS Ⅱ is in the middle of Hefei and is affected by the 
noise from the city and itself. Figure 5 shows the vertical 
and horizontal PSD of the platform and the vibration of the 
platform is mainly concentrated in 0-50 Hz. The red line 
indicates the horizontal direction and the blue line indicates 
the vertical direction. 

 
Figure 4: The support (left) and the platform (right). 

 
Figure 5: The vertical and horizontal PSD of the platform. 

Support Design and Simulation 
The main design requirements for the support are: 
 The support of the BPM displacement measurement 

probe needs to be 400 mm in height and the longitudi-
nal length is no more than 100 mm. 

 The support is fixed on the platform with four screws, 
which will reduce the eigen-frequency of the support 
to a certain extent.  

 Considering the thermal expansion effect, the  
INVAR36 alloy is selected as the material of the probe 
support [3]. 

 
Through finite element analysis (FEA), the eigen-fre-

quency of the support is simulated and optimized. By in-
creasing the eigen-frequency, the vibration amplitude at the 
top of the support is reduced. The design and the processed 
support are shown in Fig. 6. The simulation results show: 𝑓1𝑧 ൌ 183 Hz, 𝑓2𝑥 ൌ 196 Hz 
 

 
Figure 6: The design (left) and the processed support 
(right). 

MEASUREMENT 
The support is fixed on a 1:1 lattice model of Hefei Ad-

vanced Light Factory (HALF) next to HLS Ⅱ and the meas-
urement is also carried out here. 

Eigen-frequency by Hammer Method 
A hammer is used to hit the support and a piezoelectric 

acceleration sensor can obtain the acceleration of its posi-
tion. The eigen-frequency of the support could be obtained 
by analyzing the frequency response curve of force and ac-
celeration. Figure 7 is the horizontal and longitudinal fre-
quency response, which shows the first eigen-frequency 𝑓1𝑧 ൌ 140.6 Hz and the second eigen-frequency 𝑓2𝑥 ൌ 167.0 Hz. The difference between the measured re-
sults and FEA results is likely due to the difference between 
the fixed boundary conditions in reality and in FEA. 

12th Int. Particle Acc. Conf. IPAC2021, Campinas, SP, Brazil JACoW Publishing
ISBN: 978-3-95450-214-1 ISSN: 2673-5490 doi:10.18429/JACoW-IPAC2021-MOPAB275

MC6: Beam Instrumentation, Controls, Feedback and Operational Aspects

T03 Beam Diagnostics and Instrumentation

MOPAB275

871

C
on

te
nt

fr
om

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

s
of

th
e

C
C

B
Y

3.
0

lic
en

ce
(©

20
21

).
A

ny
di

st
ri

bu
tio

n
of

th
is

w
or

k
m

us
tm

ai
nt

ai
n

at
tr

ib
ut

io
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

is
he

r,
an

d
D

O
I



 
Figure 7: The horizontal and longitudinal frequency  
response. 

Vibration Measurement on the Top  
Voltage displacement sensors are used to measure the vi-

bration on the top of the support and the platform at the 
same time. The RMS vibrations on the top of the support 
and the platform are listed in Table 1. The horizontal and 
vertical RMS vibrations on the top of the support were 
measured at 65.5 nm and 98.2 nm resulting in the amplifi-
cation factors of 1.20 and 0.96. 

 
Table 1: RMS of Vibration Amplitude on the Top and the 
Platform 

Vibration amplitude 
RMS 

Horizontal  Vertical 

Top 65.5 nm 98.2 nm 

Platform 54.5 nm 101.4 nm 

Target 380 nm 210 nm 

Amplification Factor 1.20 0.96 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

CONCLUSIONS 
The first and the second eigen-frequency of the support 

are 140.6 Hz and 167.0 Hz, which are much higher than the 
platform vibration frequency at HLS Ⅱ. The horizontal and 
vertical RMS vibrations at the top of the support are  
65.5 nm and 98.2 nm, which are much smaller than the tar-
get. The stability of BPM displacement measurement sys-
tem is well guaranteed. The amplification of the vertical 
vibration is 0.96, which is really very good. Horizontally, 
the amplification is still good enough to satisfy the require-
ments of the stability of BPM displacement measurement 
system. 

However, the huge difference in eigen-frequency be-
tween the measured results and FEA results cannot be ig-
nored. Experiment on the dynamic stiffness of the support 
will be carried out and its results will be brought into FEA 
to correct the simulation results [4]. 
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