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A cell of the storage ring



MGA prototype

Weight: 8.8 ton with 6.0 ton       
magnetsg
Dimension:4100mm length, 
800mm wide, 590mm high 
S i i i 0 01 i hSensitivity: 0.01mm in three 
directions



Weld scene and vibration treatment



Orthogonal design of  girder body

• 1.There are many influencing factor and FEA
model is complexity it will spent much time formodel is complexity, it will spent much time for
full optimization. Orthogonal design can get the
optimal result and the amount of calculationoptimal result and the amount of calculation
repetition is decreased from 128 to 8.

• 2 The influencing degree is different to the2.The influencing degree is different to the
dynamic performance of the girder under different
influencing factor.Orthogonal design can find outg g g
the law and give some instructional idea for the
girder design.



The diagram of influencing factor



Th i d l l fThe meaning and level of every 
influencing factorg



Calculation result

1.Order 4 is adopted at 
last.
2. Stiffness of the 
alignment system is the 
k f tkey factor.
3. Vertical and Horizontal  
position of support pointposition  of support point 
should be paid attention  
too



Modal shape

Order 4 Order 5



Four types of support structure
• The following four kinds of support structures are considered:
• Type A is a three points support with two of them near both ends

along one long side and the other in the middle of the other longalong one long side and the other in the middle of the other long
side.

• Type B is also a three points support with two of them near both
d l l id d th th t d f th thends along one long side and the other at one end of the other

long side.
• Type C is also a three points support with two of them in twoyp p pp

long sides respectively and the other in the middle of the short
side.

• Type D is a four points support which is located near both endsType D is a four points support, which is located near both ends
of the two sides.



FE calculation result of girder*

Support 
manner

Maximal 
deformation (mm)

The first eigen-
f （H ）manner deformation (mm) frequency（Hz）

R&D 0.2 5.9
Support A 0.110 15.9
Support B 0 383 13 6Support B 0.383 13.6
Support C 0.202 16.8
Support D 0.042 20.6



St ti d f tiStatic deformation

Type A Type B

Type C Type D



M d l hModal shape

• Type A • Type B

Type C Type D



Conclusion of FEA results

• 1.The dynamic and static performance of four 
i i b h h ipoint support is better than three point support.

• 2.If  one  point of four point support system is 
free,the dynamic and static performance of the 
girder will become worse remarkably.

• 3.According to  FEA results, the synthetical 
performance of type A is better than by type C.p yp y yp



Alignment system

Adjustment range: ±7mm and ±10mm in the vertical and horizontal directionsAdjustment range: ±7mm and ±10mm in the vertical and  horizontal directions, 
respectively. 
The spherical bearing in the wedge jack mechanism can rotate around the 
b i b h l h th t l t d 16 Nbearing bush only when the external moment exceeds 16 Nm



Fi it l t l i f b ltFinite element analysis for a bolt 
connection



Results of two ways

Way B are suitable for  FEA



FEA d i lt f i d tFEA dynamic results for girder support 
systemy

• Way 1 • Way 2



Sensor used in the dynamic test

Seismometer 941-B, produced by 
I tit t f E i i accelerometer DH103 , produced byInstitute of Engineering 
Mechanics,China Earthquake 
Administration

, p y
Jiangsu Donghua  Co.Ltd. of test  
technology.



Analysis software
Data signal analysis: 
DH5920-11,

Modal analysis: 
DHMA2.0 

P d d b JiProduced by Jiangsu 
Donghua  Co.Ltd. of test 
technology.



DH5920  data acquisition system

Produced byProduced by 
Jiangsu Donghua  
Co.Ltd. of testCo.Ltd. of test 
technology. 



Dynamic test on prototype girder A3Dynamic test on prototype girder A3

Location: SINAP, CAS, Jiading



Modal test
In order to understand the character of girder A3 in detail,the following 12

different manner is measured.
1.four-point support with impaction by screw,without anti-vibration and anti-p pp p y ,

friction plates,with normal concrete base,vertical direction.
2.four-point support with impaction by screw,with anti-vibration and anti-

friction plates, with normal concrete base, vertical direction.friction plates, with normal concrete base, vertical direction.
3.four-point support with impaction by screw,with anti-vibration and anti-

friction plates with normal concrete base,lateral direction.
4 four point support with impaction by screw with anti vibration and anti4.four-point support with impaction by screw,with anti-vibration and anti-

friction plates, with normal concrete base,longitudial direction.
5. Four-point support without impaction by screw, with anti-vibration and anti-

f i ti l t ith l t b ti l di tifriction plates, with normal concrete base,vertical direction.
6. Four-point support without impaction by screw, with anti-vibration and anti-

friction plates, with anti-vibration concrete base,vertical direction.



Modal test(continue)

7.Three-point support with impaction by screw,without anti-vibration and anti-
friction plates, with normal concrete base,vertical direction.

8 Three point support without impaction by screw without anti vibration and8. Three-point support without impaction by screw,without anti-vibration and
anti-friction plates, with normal concrete base,vertical direction.

9. Three-point support with impaction by screw,with anti-vibration and anti-
f i i l i h l b i l di ifriction plates, with normal concrete base,vertical direction.

10. Three-point support without impaction by screw, with anti-vibration and
anti-friction plates, with anti-vibration concrete base,vertical direction.

11.Five-point support with three of them impaction by screw,with anti-vibration
and anti-friction plates, with anti-vibration concrete base,vertical direction.

12. Bad four-point support without impaction by screw (one point is free) , withp pp p y ( p ) ,
anti-vibration and anti-friction plates, with anti-vibration concrete base,vertical
direction.



Frequency response  function of four-point support with 
impaction by screw,without anti-vibration and anti-friction 

l t ith l t b ti l di tiplates,with normal concrete base,vertical direction



The influence of support ways on the lowest 
eigenfrequency



The influence of impaction by screw on the lowest 
eigenfrequencyg q y



The influence of anti-vibration and anti-friction plates 
on the lowest eigenfrequencyon the lowest eigenfrequency



The influence of anti-vibration concrete base on 
the lowest eigenfrequencythe lowest eigenfrequency



Result of modal test on girder A3
1.The first eigenfrequency of the four-point support is higher about

1.5~3.5Hz than the three-point,the bad four-point support is only 13.5Hz
which is much lower than the normal three-point (18.7Hz).five-pointwhich is much lower than the normal three point (18.7Hz).five point
support is higher about 4Hz than the three-point with compaction by
screws.

2 Impaction by screw can improve the first eigenfrequency about 1 Hz2.Impaction by screw can improve the first eigenfrequency about 1 Hz。
3.The anti-vibration and anti-friction plates has less effect on the three-

point support,while can decrease about 1.5 Hz on the four-point support.
4 C ith th l t b th ti ib ti ’ h l4.Compare with the normal concrete base,the anti-vibration’s has less

effect on the first eigenfrequency,while can increase the damping ratio .
5. It is difficult to adjust the four support point bear the force evenly and

it will be converted into the bad point support under uneven settlement of
the ground, so three point support is adopted at last.



Displacement PSD  of Q320 under four-point 
supportpp

Lateral direction Vertical direction



Displacement PSD  of Q320 under three-point 
supportpp

Lateral direction Vertical direction



RMS Displacement(4~50Hz) （micron）



Dynamic test on  B cell

Location: SINAP, CAS, Jiading



PSD in lateral direction of B1 girder



PSD in vertical direction of B1 girder



RMS displacement of girder B1 in 4~50Hz

Three times in 
three days



Five measurement ways for C10

• A. Excited measurement 
B M Q320 003 h b i d• B. Magnet Q320-003, vacuum chamber, girder, 
floor

• C Q260 002 Q320 003 Q320 002 Q260 003• C.Q260-002, Q320-003, Q320-002, Q260-003, 
floor

• D With and without cooling waterD. With and without cooling water  
• E. Comparison between adding damping pad and 

auxiliary supporty pp

Location: the storage ring tunnel



Frequency response of measurement A

•The first eigenfrequency: lateral 21.9 Hz, vertical 22.5 Hz.



Lateral spectra of measurement B



Vertical spectra of measurement B



Result of measurement B



Lateral spectra of measurement C



Vertical spectra of measurement C



Result of measurement C



Spectra of measurement D

Lateral Vertical



S t f t DSpectra of measurement D

The influence of cooling 
water: < 4%, less than the 

d ib i iground vibration variety. 



Spectra of measurement ESpectra of measurement E

The first 
eigenfrequencyeigenfrequency 

can be improved 
to 27.7 Hz



Dynamic comparisons with other light source



Conclusion

• 1. The first eigenfrequency: Lateral 21.9 Hz, Vertical 22.5 
Hz Q value: Lateral 47 3 vertical 5 2 Ratio of RMSHz, Q value:  Lateral 47.3, vertical 5.2, Ratio of RMS 
displacement from magnet to floor: 1.15 in 2~50Hz, 1.34 
in 4~50 Hz, 2.19 in 6.5~100 Hz. 

• 2.After adding auxiliary, the  lateral first eigenfrequency 
can be improved 27.7 Hz, Ratio of RMS displacement 
from magnet to floor in 4~50 Hz can arrive 1 24from magnet to floor in 4 50 Hz  can arrive  1.24.

• 3. The influence of cooling water: < 4%, less than the 
ground vibration variety. 

• 4. The ground has important influence on the dynamic 
performance of the MGA.



Thank you for your 
attention！


