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Design and Testing of the Girder
Support System of the SSRF

Xlao Wang

SSRF (Shanghai Synchrotron Radiation Facility)
PO Box 800-204, Shanghai 201800, P.R.C



A cell of the storage ring

EPM support  MGA
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MGA prototype

Weight: 8.8 ton with 6.0 ton
magnets
Dimension:4100mm length,
800mm wide, 590mm high
Sensitivity: 0.01mm in three
directions
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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 for
full optimization. Orthogonal design can get the
optimal result and the amount of calculation
repetition Is decreased from 128 to 8.

e 2.The Influencing degree Is different to the
dynamic performance of the girder under different
Influencing factor.Orthogonal design can find out
the law and give some Instructional idea for the
girder design.



The diagram of influencing factor

Reinforce plate
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The meaning and level of every ssk=

Influencing factor

Influcing factor A B
1 Thickness of bottom 40mm 30mm
plate
9 Thickness of side 40mm 30mm
plate
3 Horizontal position of Omm 400mm
support point
4 Vertical position of Align with bottom Leaning against top
support point plate plate
5 Height of side plate 250mm 400mm
6 Reinforce plate Add None
7 Support manner Rigid Flexible




Calculation result
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Modal shape
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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 long
side.

Type B is also a three points support with two of them near both
ends 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 two
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 ends
of the two sides.

Four types of support structure



FE calculation result of girder*

Support | Maximal The first eigen-
manner | deformation (mm) frequency ( Hz )
R&D 0.2 5.9
Support A 0.110 15.9
Support B 0.383 13.6
Support C 0.202 16.8
Support D 0.042 20.6
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15t Frequency Made In Range ( 13,6073 Hz )
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e 1.The dynamic and static performance of four
point support Is better than three point support.

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

e 3.According to FEA results, the synthetical
performance of type A Is better than by type C.

Conclusion of FEA results



Alignment system

flange
spherical bearing

bearmg bush

wedge system

ok 7 g SCIT'B"W rod for
N AN AN NS adjustment
U O

T anti friction plate

Adjustment range: £7mm and £10mm in the vertical and horizontal directions,
respectively.

The spherical bearing in the wedge jack mechanism can rotate around the
bearing bush only when the external moment exceeds 16 Nm



Flnlte element analy3|s for a bol SSKF
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B1. B2 Bond Al Bl.B2 No separation Al
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Results of two ways

Measurement Way A Way B
value relative error value relative error
Lateral first 21.9 34.9 60% 18.8 14%
eigenfrequency
Vertical first 22.5 38.1 69% 224 1%
eigenfrequency

Way B are suitable for FEA




FEA dynamic results for girder sup;lﬁéé

system
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S

-Sensor used In the dynamic test

Seismometer 941-B, produced by
Institute of Engineering accelerometer DH103 , produced by

Mechanics,China Earthquake Jiangsu Donghua Co.Ltd. of test
Administration technology.
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Data signal analysis:
DH5920-11,

Analysis software

Modal analysis:
DHMAZ2.0

Produced by Jiangsu
Donghua Co.Ltd. of test

technology.
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DH5920 data acquisition system

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




Dynamic test on prototype girder @}EQ

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-
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.

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 anti-
friction plates, with normal concrete base,longitudial direction.

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

9. Three-point support with impaction by screw,with anti-vibration and anti-
friction 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) , with
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
plates,with normal concrete base,vertical direction
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eigenfrequency

The influence of support ways on the lowest —

inpaction by screw, without
anti-wibration and anti-friction

without itnpaction by screw, with
anti-wibration and anti-friction plates

plates
Thelowest b _ The lowest b _
eigenfrequency amti]mg eigenfrequency amtij e
(Hz) e (Hz) e
23.06 10.13%
Four-point support i 20.07 6.52%
23.03 O 4%
Three-point support 19,53 B, 5% 15.69 B23%
The bad four-pomnt
13.5
suppott
Five-point support 435 . 85%




The influence of iImpaction by screw on the lowes

eigenfreguency
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Three-point support,without
anti-wibration and anti-friction plates

Four-pomt suppaort swith

anti-wibration and anti-friction plates

The lowest Datnping The lowest Dratmping ratio
eigenfrequency ratin eigenfrequency
(Hz) (Hz)
Without itmpaction 15,58 6. 6a% 201 6. 52%
15,79 6. 84%%
With impaction 19,53 6. 54% 21.5 6. 76%0
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The influence of anti-vibration and anti-friction plates
on the lowest eigenfrequency

Three-point supportwith
impaction by screw

Four-point suppott, without
impaction by screw

anti-friction plates

The lowest Dramping ratio The lowest Damping ratio |
eigenfrequency eigenfrequency
(Hz! (Hz]
Without anti-wibration and 13,58 A, 8% 231 10.13%
anti-friction plates 18,70 B, 84%a
With anti-wibration and 15.69 9 23% 21.5 f. 7 6%




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

Four-point supportt

Three-point support

The lowest Damping-ratio The lowest: Datmpitig ratio
eigenfrequency eigenfrequency
(HzJ (Hzl
aniti -wihration concrete hase 2000 10, 3%, 1875 11.84%
normal concrete base 20 07 B, 52%0 1865 4. 25%




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 1s 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 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.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 1s 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.



Displacernent PSD{rmicron®/Hz)
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Displacement PSD of Q320 under four-point
support

————— — floor

Displacement PSD{micron?/Hz)

ol floor LT magnet
masnet x
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Displacerment PS0D{micro
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Displacement PSD of Q320 under three-point
support

2iHz)
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RMS Displacement(4~50Hz) ( micron )

Floor Cuadrupole Fatio
traghnet

Three-point Lateral 001411 001828 1.20

suppott vertical 002748 003267 1.1%

Four-point Lateral 001545 002273 1.25

S ot vertical 003081 0. 03464 1.12

Bad-four- Lateral 002885 006532 2. 26

point vertic al 0.03201 004508 1.41
support

Five-point Lateral 002681 003195 1.1%

support vertical 002828 003058 1.08
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Dynamic test on B cell

B5 B4 B3 B2 Bl

Location: SINAP, CAS, Jiading
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PSD iIn lateral direction of B1 girder

Character-ofthepeak Grade-should-be
Frequency FAusEr width heiaht attentive
19.1H= Iodal-of-girder widest highest D
24 7Hz Floor-wibration narrow higher .
276 He Modal-of-girder wrider higher .
328 He Floor-wibration NArTOw higher .
36.3H= Ilodal-of-girder wider lowest §
48 4Hz Floor-wibration narrow higher .
Floor-wibration-and- ) )
50Hz _ wider higher .
modal-of-girder

60 8Hz Modal-of-girder wide lower .
69 4Hz Ilodal-ofgirder wide lower s
8l.4Hz Iodal-of-girder LAt ow lowrey .

02H= Floor-wibration narrowest | hicher .
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PSD in vertical direction of B1 girder

i B Character of the peals Grade should-he:
: ;II i Frequency Causer widih height attentive
jl_a 19.1Hz Wlodal of girder wider | higher By
X, Al oo 24 THz Floor wibration narrower | higher .

| | girder 276 He Wndal of girder narrower | higher .
oel—Y center of magnet 302 Hz Ilodal of girder narrowest | lower .
J’r: W : B —— top of magnet 328 He Floor wihration narrower | lighest ke
i e, m' ' 35.8Hz Iodal of girder wider lower e
ml " ﬁ%@( \ 47 8Hz Madal of girder wider | lower S
o %\1 e %% 48 4Hz Floor wibration narrowest hlgher 4
| fep m s 50Hz Floor wibration narrowest| ligher *
) : m " fi3 9Hz Floor wihration narrower | lower .

: 52Hz Floor vibration wider | higher i

J&. - - - 4 0iHz Floor wibration narrowest | higher - N

Hz




RMS displacement of girder B1 in 4~50Hz

RIVG- RIS -displacement Infterence |
displacement{um) | magnification of center | ratio
of magnet s floor
Floor 0.01707
The-first Center of D.02144 1256
tnagnet.
. Floor 0.013094
H:;E' The'second | Center of 0.01799 o2 LR
tnagnet
Floor 0.01382
Thethird | Center of 0.01773 1.283 2.15%
tnagnet
Floor 005595
The first Center of 0.05974 1.013
tnagnet
Vertic Floor 0.03756
oy | Thesecond | Center of 0.03854 1.026 1.28%
tnagnet
Floor 0.03701
The third | Center of 0.03733 1.024 1.1%

tnagnet
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Three times In
three days



Five measurement ways for C10

A. Excited measurement

B. Magnet Q320-003, vacuum chamber, girder,
floor

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

D. With and without cooling water

E. Comparison between adding damping pad and
auxiliary support

Location: the storage ring tunnel




Frequency response(rmm/s)
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Frequency response of measurement A
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Lateral displacement F‘SD[U_mQIHz)
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Yertical displacerment F'SD(“,mszz)

Vertical spectra of measurement B
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Result of measurement B

Lateral Vertical
Daytime Night Daytime Night
Frequency range (Hz) 2-50 4-50 2-50 4-50 2-50 4500 250 4-50
Floor Displacement 81.1 19.5 495 119 18.8 525 795 149
Girder  Displacement 88.1 22.1 54.8 13.5 18.9 526 804 150
Ratio 1.09 1.13 L.11 1.13 .00 1.00 1.01 1.02
Q value 11.9 10.3 1.8 1.1
Vacuum  Displacement 87.6 246 53.1 14.6 19.0 541 805 155
chamber Ratio .08 1.26 1.07 1.23 1L.OO 1.03 1.01 1.04
Q value 35.3 25.3 5.7 5.8
Magnet  Displacement 89.8 252 552 149 19.9 552 844 157
Ratio .11 1.29 112 1.25 1.O6  1.05 1.06 1.05
Q value 34.8 28.2 1.6 1.1

Measurement time

(Mar. 6th, 2007)

Daytime: 15:41:11 - 16:01:11

Night: 22:01:12 - 22:21:12




Lateral displacement F‘SD(Mmszzj

2K

|_ateral spectra of measurement C
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Vertical displacement F‘SD(“,mszzj

Vertical spectra of measurement C
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Wertical transrmissibility
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Result of measurement C

Lateral Vertical
Frequency range (Hz) 2-50 450 6.5-100 2-50 4-50
Floor Displacement 81.4 18.8 5.3 163.1 39.0
Q260-002 Displacement 88.5 25.1 11.6 173.0 41.1
Ratio .09 134 219 1.06  1.05
Q value 47.3 4.7
Q320-003  Displacement 87.6 242 10.3 163.5 39.7
Ratio 1.LOB 1.29 194 1.00  1.02
() value 35.1 1.5
Q320-002 Displacement 91.1 247 10.1 165.2 39.2
Ratio .12 1.31 1.9] 1.01 1.01
() value 34.4 1.2
Q260-003  Displacement 935 25.1 108 1642 40.0
Ratio LIS 134 204 1.01  1.03
() value 38.8 5.2
Measurement time 14:57:45 - 15:17:45, Mar. 6th, 2007

Horizontal Motion Band Power (2-50 Hz)
and Band Power Amplification

. Floor (nm) Quad (nm) Amp. Amp.
Fac lllt}' Undamp. | Damp. | Undamp. | Damp. | Unda Inl]"E‘{l Da Inl]-E(l

ALS 16 201 12.6

APS 37 (1) 25 291 (1 | 51 7.9 2.0
ESRF 47 (2) 30 102 40 2.2

SPRING-8 |25 (3) 48 (3) 1.9

SRRC 71 (3 73 126 92 1.5 1.3
Notes:

(1) Location close to shutdown activities.

(2) Vacuum pumping operation during vibration tests.

(3) Location close to mechanical equipment room.




Displacerment PSDimicron™2/Hz)
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Spectra of measurement D

Floor with cooling water
Floor without cooling water
260-002 with cooling water

— (Q2B0-002 without cooling water

10’ 10
Freguency(Hz)
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= Floot with cooling water
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Lateral transrnissibility

Spectra of measurement D

107 ¢ : —
H === Without cooling water
L —— With coaling water

10!

10" )

10" - ' —
10° 10’ 10°

Frequency(Hz)

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

Yerical transmissibility

10° : ——
bl === WWithout cooling water
L = WWith cooling water
10’
107 e
10" . :
10° 10° 10
Frequency(Hz)
Without With Ratio
cooling water cooling water
Floor 25.1 27.1 1.08
Q260-002 32.2 35.7 1.11
Ratio 1.28 1.32
Measurement time  15:20:51 - 15:43:20 -
{Apr. 5th, 2007) 15:30:58 15:53:42




Spectra of measurement E

—— Original

=== With damping pad
Cirder —f_ _\I 4 === With auxiliary support
Mut T

Fod

Grouting
tnaterial

Lateral transrmissibility

Bottormn
plate

The first
- elgenfrequency
can be improved
to 27.7 Hz

Ground Magnet Ratio

Original 18.8 25.1 1.34
With damping pad 26.9 35.1 1.30
With auxiliary support  17.0 21.1 1.24
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Dynamic comparisons with other light source

Without With
First First dumping damping
Project eigenfrequency eigenfrequency Project devices deviees Damping devices
BESSY-11 5.6 DIAMOND 6.3 ASY 431 74 Damping plates
ALS 6.4 17.2 S5RF 47.3 o
ESRF 6.0 17.3 ESRF S0 1 Damping links
APS g5 189 'TI_551 ::-:] J{Z Dump:mg pud%
KEK 30 SSRF (R&D) 59 APS 100 10 Damping pads
TLS 150 S5RF (modification) 219 ¢ For the dipole girder.
Without damping devices With dampmg devices|
Frequency
range (Hz) Ground Magnet Ratio Magnet Ratio
93.5 1.15
25.1 24
11.6 2.19
126 1.77 92 1.26
45 1.92
102 217 40 33
3 21.4 340 12.4 3
500 333 250 6T
291 786 5l 204
DIAMOND 134 9.57
201 12.56

T BESSY-II: damping plates, others are the same as those in Table 4.
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1. The first eigenfrequency: Lateral 21.9 Hz, Vertical 22.5
Hz, 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 1.24.

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.

Conclusion




Thank you for your
attention /



