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DesignDesign
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Lattice

Unit CellUnit Cell

ALBA Storage Ring Girder System ,Ll. Miralles MEDSI 2008. Saskatoon,10th –13th June 2008

Matching Cell



Two concepts have been 

Unit Cell

Two concepts have been 
considered> 

- “short” girder 
supporting quadrupoles & 

11.25º

supporting quadrupoles & 
sextupoles (1,  3), dipole on 
independent girder (2) 

“long” girder with - long  girder with 
quadrupoles, sextupoles 
and dipole on the same 
girderg

The option taken for prototyping has been the long 
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p p yp
girder with 6 supports. Decision driven by the magnets 
relative position precision requirements.   



Types of girdersTypes of girders
B

5750 mm

Matching Cell

C

5460 mm

Unit Cell

B and E are 
symmetrical

C and D are 
symmetrical

A and F are 
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A and F are 
symmetrical



Design steps:

-Simulation parameters understanding thought real case study. MAX 
II i d  t  Si l ti  d tII girder system. Simulation and measurements.

- Different alternatives for the solution configuration: 

- Low supports configuration.pp f g

- 4 supports configuration.
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ALBA girder study with 6 high supports position

1400 mm

1000 mm

Weight of the girder 4050 Kg Weight of the magnets 7150 Kg

900 mm

5460 mm Critical dimension because of space limit

Maximum Total deformation 24 µm

Maximum girder deformation 17 µm
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Maximum deformation for 6 supports is 24 µm. Maximum deformation for 3 supports is roughly 50 µm. 



Frequencies and modes of vibrationFrequencies and modes of vibration

1st Frequency 54 Hz (rotation around longitudinal axis with girder bending)
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2nd Frequency 67 Hz (twist)



Frequencies and modes of vibrationFrequencies and modes of vibration

3rd Frequency 68 Hz, 4th Frequency 71 Hz, 5th Frequency 77 Hz (vibration of magnets)
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6th Frequency 79 Hz (magnets and girder vibration along longitudinal axis) 



7 plate-ribs 20mmConceptual design

2 side plates 
30mmVacuum Pumps

Girder 
structure

m mp

 f  l d l 
structure

Top plate 40mm

Strut for longitudinal 
alignment

6 support plates 40mm

2 struts for transversal 2 struts for transversal 
alignment
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Pedestals



girder

Tilt head
Sliding disc 

Vertical alignment and fixation  – conceptual desig

girder

Stud vertical fixation

Stud M24, spherical washers, spring washer 
(“Belleville”), plane washers, nuts

Spring-8 supports system 

Horizontal 
fixation - 2 
screws M24

pedestal

Threaded 
jack M64

Shim to vertical 
adjustment 

(possible with 
viscoelastic damping 

film t  d  
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film – to reduce 
vibration 

amplification)



4 supports girder configuration
Maximum Total deformation 40 µm

pp g g

Maximum girder deformation 33 µm
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1st Frequency 38 Hz 2nd Frequency 42 Hz



PrototypingPrototyping

ALBA Storage Ring Girder System ,Ll. Miralles MEDSI 2008. Saskatoon,10th –13th June 2008



• The prototype has been delivered by the end of March 2007 (27.03.2007)
• The procedure of the girder installation was cross-checked (Girder to pedestal interface, pedestal to bground 

plates interface, ground plate to ground interface (epoxy layer).
• The alignment system and fixation was testedThe alignment system and fixation was tested
• Static deformation measured (< 30 µm)
• Dimensional measurements, flatness of the reference surfaces and positions of the alignment pin holes, at 23°C ±

1°C.
• Pins inserted (LN2)  Installation  magnets and vacuum system  procedure and tooling was tested• Pins inserted (LN2). Installation, magnets and vacuum system, procedure and tooling was tested.
• 2 independent vibration tests, by IDIADA in April and by DESY in July.

installation testinstallation test
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Girder prototype with magnet dummies



Di i l h kDimensional crosscheck

23ºC ± 1 ºC – girder body  temperature

8 thermocouples.

- 4 Stations
- 7 control points (± 5µm RMS)

16 AL points  (Ø6H7)

Measurement Process:

- 16 AL points  (Ø6H7)
- 26 pins points using 6 different interfaces
- Total of 196 measurements in the bundle 
adjustment.

Surfaces with common  flatness tolerance 30 µm for magnets 
supports, BPM supports, for alignment holes and level  measurement

Holes with position 
tolerance 30 µm for 

Instruments:
-Laser Tracker FARO Xi V2
- with 1 5” Corner Cube Reflector

- 4 Stations measured and calculated 
using bundle adjustment.
- Best fit respect to nominals.

tolerance 30 µm for 
alignment and for pins 
holes
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- with 1.5  Corner Cube Reflector



FLATNESS  

82 % points 
RMS = 12 

µm

82 % points 
in tolerance –

± 15 µm
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B  fi  i  L 

POSITIONS - alignment 
qand magnet pin holes

Best fit using AL 
points

Depending on the best fit, the angle 
between entrance and exit of the beam f m
oscillates between :
11.252º and 11.257º
(nominal 11.25º)

Best fit using 
Pins holes pointsPins holes points

Best fit using all points
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ACTIONS TO IMPROVE THE ACCURACY OF FINAL MACHINING
1) Modification of the milling machine to 

increase the working length to 6.5 m, 
adjustment of optical rules and CNC, 
improving machine base planarity and rigidity  improving machine base planarity and rigidity. 

2) Construction of a room around the machine in 
order to keep the temperature at 23°C ±
0.75°C during machining.

3) Include strict temperature control on 
machine and girders in the machining 
procedure.
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SR GIRDER AS-BUILT 

Girder: C4
Date:06/06/2008
Place: UAB Workshop

 Units: mm
Temperature: 22.4º
Instruments: Laser Tracker Faro XI V2 + 1.5” CCR
Operator: A.Villalobos - E.Pulido
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FLATNESSFLATNESS
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PINS POSITION
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Excitation on three points/directions.  25 points tri-axial measurements.

Frequency Response Function 
acceleration divided by force

Test instrumentation:
 PCB 339B01 l t  (5)• PCB 339B01 accelerometers (5)

• LMS PIMENTO acquisition 
system
• LMS CADA-X Modal Analysis 
software
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Modal analysis of a girder of ALBA synchrotron I.Fernandez, J.J. Garcia  (IDIADA)



Test instrumentation:

Dipole 
Dummy

Test instrumentation

•Two triaxial seismometers (Güralp, CMG-6TD, 
frequency range: 60s -80 Hz) one on the girder 
surface, one on the floor.

• Four single axis (two vertical and two 
horizontal) geophones (SENSOR SM-6), placed:

• On the pedestal platform and the 
f  f th  i d  &  th  fl  d 

Girder

surface of the girder & on the floor and 
the pedestal platform to evaluate the 
transfer function of the girder structure.

• On the surface of the girder and the 

Pedestal

On the surface of the g rder and the 
magnet dummies to evaluate the transfer 
function between the girder and the 
magnet dummies. 

O  th  l ft d i ht t  f • On the left and right most corners of 
the girder surface to look for any twist 
modes predicted by FEA (ANSYS). 

Concrete Epoxy Layer

Black Steel Base Plate Pedestal Platform
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Vibration Studies of the ALBA Prototype Girder.  R. Americas, A. Beltline, W. Balloons (DESY)



Average displacement PSD and integrated PSD of vertical vibration measured on Average displacement PSD and integrated PSD of vertical vibration measured on 
the girder versus the ground

Transfer function  ~ 1 up to 40 Hz

Girder design rigid in vertical direction
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PSD f 6 P i   3 P i  Gi d  S  (H i l T )PSD of 6-Point vs. 3-Point Girder Support (Horizontal Transverse)

• Baseline design  6-point support & vertical fixation (shown in orange): 28 Hz rocking due to Baseline design, 6 point support & vertical fixation (shown in orange): 28 Hz rocking due to 
the girder/ground interface; 70 Hz is first eigen mode of the girder; 24 Hz is due to a 
vacuum pump nearby and is unrelated to the girder structure.
• 6-point support & no vertical fixation (shown in green): high amplitude @28 Hz as the 28 
Hz peak is pushed backwards to 24 Hz and is combined with the 24 Hz peak due to the 
vacuum pump; 70 Hz is pushed to 66 Hz
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vacuum pump; 70 Hz is pushed to 66 Hz.
• 3-point support and no vertical fixation (shown in black): 28 Hz peak is pushed backwards to 
18 Hz; 70 Hz is pushed to 64 Hz.



I d Di l  PSD f 6 P i   3 P i  Gi d  S  (H i l T )Integrated Displacement PSD of 6-Point vs. 3-Point Girder Support (Horizontal Transverse)

In the case of 6-point support and no 
vertical fixation, 28 Hz rocking mode is 
pushed back to 24 Hz and is combined pushed back to 24 Hz and is combined 
with the 24 Hz peak from the vacuum 
pump nearby, leading to a large 
amplitude.

28 Hz rocking mode is 

28 Hz rocking mode in the 
case of  6-point suport & 
vertical fixation. 

g
pushed to 18 Hz in the 3-
point support, no vertical 
fixation case. 

70 Hz girder eigen 
mode. 70 Hz mode is 

pushed to 64 
Hz.

70 Hz mode is pushed to 66 Hz 
in the case of 6-point support 
and no vertical fixation.
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Transfer function on the magnets horizontal transverse

The configuration is 6-point support set up but with no vertical fixation. The most g p pp p
dominant frequency is @ 28 Hz due to the rocking mode of the whole girder 
structure on the floor. 
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28 Hz peak showing a sign of the girder rocking on 
the floor.

Horizontal transverse transfer functions of girder 
top versus pedestal platform, girder top versus floor 
and pedestal platform versus floorand pedestal platform versus floor

Girder to Base

Magnet

Girder to Base

Girder to Ground

Girder

Pedestal Steel plate

Base to Ground
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Pedestal Steel plate

Epoxy layer
Ground / concrete



C h k i  d  di d b  N YCrosscheck twist mode predicted by ANSYS

Horizontal geophones placed on extreme corners of the girder surface

The twist mode is clearly seen @ 40 Hz, lower than the value calculated (64 Hz). 
Thi  ld b  d   h  ff  f h  d l fl  i l i  i
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This could be due to the effect of the pedestal-floor simulation assumptions.



Vibration measurements 
versus simulation

1 MODE 2 MODE1 MODE

ROCKING

2 MODE

TWIST

IDIADA 26 Hz 39 Hz
pedestals are fixed in calculation

1st mode - frequency 54 Hz (rotation around longitudinal axis (rocking mode) DESY 28 Hz 40 Hz

CALCULATION 54 Hz 65 HzCALCULATION 54 Hz 65 Hz

2nd mode - frequency 65Hz (twist)

Discrepancy due to the interface between pedestal base plate to floor  
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Discrepancy due to the interface between pedestal base plate to floor. 



CONCLUSIONS
• ALBA SR girder system design has been presented.

• The design has been crosschecked through prototyping and measurements 
of the vibrational response.

• Vertical vibrational girder system response good. Transfer function 1 up g y p g f f p
to 40Hz.

• Horizontal transverse girder response acceptable. Transfer function 10 at 
28 Hz.

• Discrepancies on the base plate to ground simulation assumptions have 
been identified.

The production process has been crosschecked through prototyping• The production process has been crosschecked through prototyping.

• Improvements have been successfully introduced in the manufacturing 
facilities, milling machine and process.

• The first production girders are inside specified tolerances.

ALBA Storage Ring Girder System ,Ll. Miralles MEDSI 2008. Saskatoon,10th –13th June 2008


