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Fig. 1. Photo of isolator with broadband characteristic.
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Table 1.  Designing parameters of thin sheet beam.
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Fig. 2. Force-displacement curves of thin sheet beam.
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Fig. 3. Equivalent mechanical model of isolator with broad-
band characteristic: (a) unloaded state; (b) static equilibri-

um state.
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Fig. 4. Installation position of isolator with broadband char-

acteristic.
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Table 2.  Material parameters of isolator with broad-

band characteristic.
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Fig. 5. Acceleration transmissibility curves of isolator with

broadband characteristic.
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broadband characteristic.
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Fig. 7. Acceleration transmissibility curves for different Kj.
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isolator with broadband characteristic.
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Table 3. Deformation measured under long time

compression condition.
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Fig. 9. Test System Photo.
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ured results of the overall model.
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Fig. 11. Frequency response curves of the assembly without

broadband isolator (case 1).
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Table 5. Natural frequencies and mode shapes.
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Fig. 12. Frequency response curves (case 2).
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Fig. 13. Frequency response curves under steel-block hit
(case 2).
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Fig. 14. Acceleration frequency response curves with broad-

band isolators at different locations (case 3).

A T 4, L SEM PRk 2R TS, WOGHRER
ASCEZ RS T e BE AR e il 2, nfE] 15 . R 15
AL UL, R ST IR A, FE AR RS A
IO RSS2 25 1T 1% 0 i s (A vy, O A
LR 49.75 Hz MW IRIEL A 3.74x107° g; L%
S PR IR AR5, WOLIRER LB AE 49.75 Hz Jiil
JATEIRIG(E T 3.74x 100 g [RIKELA 7.19x10 10 g
T R IR AN 81%. 2 ST IR A R, f%&

160701-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 16 (2022) 160701

ANIIEABASIE R A, SO I B S 22 THT ) 1 3 J3E 3
W (X B AN R RS HE A 808 258 1, e iRas

REAS 7555 58 (1R 0 1 PN RO BRER AR 22 2 1HT )
i [ 4 By 17 S BRAT A

10-7
49.75 — RHRRE

10-8 ¢ /

of &\r\/w
o0
~
m
4
= q10-10}

10-11 ¢

10-12 L .

0 50 100 150 200

P15 %25 SR AR A% TS, YOI BR R A8 22 2 TAT T i
RS £ (T2 4)

Fig. 15. Vertical acceleration frequency response curves of
laser tracker’s mounting position with and without broad-

band isolators (case 4).
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Fig. 16. Acceleration frequency response curve of laser
tracker’s mounting position with and without broadband

isolators along horizontal direction (case 5).
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Abstract

High-energy synchrotron radiation source, as a large scientific device, is under construction in Beijing,
China. This device is one of the fourth-generation synchrotron radiation sources with the highest brightness in
the world. It will provide an important support platform for basic science and engineering science. As a kind of
high-precision large-scale measurement equipment, laser tracker is used mainly in high-energy particle
accelerator equipment installation, precision poses dynamic measurement and antenna feed dynamic motion
precision engineering measurement field. At the construction site of high energy synchrotron radiation source,
the laser tracker is often used to calibrate and pre-collimate the high energy source magnet equipment and carry
on the tunnel measurement . However, the laser tracker is easily affected by the vibration of the surrounding
environment, and the adverse vibration seriously affects its measurement accuracy and even causes the
equipment to damage. In order to effectively control the influence of environmental vibration and ensure good
static bearing capacity, a broadband vibration isolator for laser tracker is proposed. It is installed in the leg
position of the triangular bracket of the laser tracker, which ensures the vibration isolation performance and
good bearing capacity. For the above system, the equivalent single freedom nonlinear dynamic differential
equation is established, and the steady-state response solution of the broadband isolator is obtained by using
the complex variable-average method. The numerical finite element method is used to verify the correctness of
the theoretical model and corresponding calculation results. On this basis, the stability of a nonlinear system is
analyzed by harmonic balance method, and the influence of key designing parameter K3 on vibration isolation
performance is considered. Combined with the complexity of the actual working environment of laser tracker, a
variety of typical working conditions are set up for test, including long time static pressure test, vertical impact
excitation and lateral displacement excitation tests, to evaluate the static stability and vibration control effect
of broadband isolator. The experimental results show that the maximum static displacement of the laser tracker
is about 2x10® m under static pressure in a long time, and the maximum static load is within the allowable
error range. When the occasional impacting is triggered, the installation of broadband isolator can make the
combination quickly restore stability in about 2.95 s, exhibiting better vibration isolation performance. Under
different dynamic loads, by comparing the acceleration frequency response curves of the laser tracker with and
without the isolator, in the frequency band below the fundamental frequency of the laser tracker, the
attenuation rate of the combined system can be up to about 97% with and without the vibration isolator. In the
frequency band above the fundamental frequency, the attenuation rate of the combined system with and
without the vibration isolation system can reach up to about 88%, and the effective vibration isolation
frequency band is extended. The broadband vibration isolator meets all technical requirements.

Keywords: laser tracker, vibration isolation system with broadband characteristic, high energy photon source,

vibration control
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