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1. Scope 

 
1.1 Background 
 

Proper alignment of the dipole field is crucial to the operation of the accelerator. Ten 
(10) fiducials located on the outside of the cold mass shell, in conjunction with four (4) 
fiducials located on each of two end volumes, are used to position the cold mass within 
the vacuum vessel.  Additionally there are six (6) fiducials located on the vacuum 
vessel which are used to position the cryostatted magnet assembly within the tunnel at 
CERN.  The positions of the cold mass fiducials are referenced to the cryostat fiducials, 
and the data are transferred to CERN.  Following shipment of the magnet assembly, the 
position of the cold mass within the cryostat can be verified by comparing the relative 
positions of the cold mass fiducials on the end volumes to the cryostat fiducials.  
During installation of the magnet assembly in the CERN tunnel, only the fiducials 
located on the cryostat are visible. 

  
1.2 Purpose 
 

This specification describes the procedures used to locate the cold mass, and therefore 
the dipole field, relative to the fiducials on the outside of the vacuum vessel, using 
mechanical and optical means.  Magnet alignment and fiducial location checks based 
on magnetic measurements are covered in a separate specification. 

 
2. Applicable Documents 
 

None 
 

3.  Requirements 
 
3.1  Definitions 
 

The center of the dipole field is defined by the position of the yoke laminations.  
Because the ten (10) cold mass fiducials are in intimate contact with the yoke, they 
represent indirectly the position of the dipole field. 

 
An a,b,c coordinate system is employed for measuring fiducial locations; it is a 
standard right-handed coordinate system.  Axis a is horizontal, b is vertical, c is 
longitudinal. The origin of the coordinate system is located on the plane which passes 
through the center set of fiducials (cold mass longitudinal midpoint) perpendicular to 
the beam tube axis, with (0,0,0) positioned at the yoke center. Positive axes are defined 
as follows, as viewed from the lead end of the magnet: a is positive to the right, b is 
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positive upward, c is positive toward the non-lead end.  Refer to Figure 1. 
 
3.2  Magnet Support 
 

The three cold mass cradles, which eventually mount to the support posts, shall be 
supported on, and in contact with, a level coplanar surface when measurements are 
made of the cold mass twist and straightness.  The coplanar surface may be locally 
interrupted (i.e., three pedestals are acceptable).  In addition, a secondary surface(s) of 
precisely known offset from this plane must be present below and immediately behind 
each end volume in order to measure and correct cold mass sag.  Refer to Figure 2. 

 
The two extremity cast cradles on the underside of the vacuum vessel shall be used to 
support the magnet assembly when measurements are made of the cold mass position 
within the vacuum vessel.  Two points of support shall be located at the lead end, and 
one point at the non-lead end, the three points coinciding with the spherical bearing 
locations on the underside of the cradles and port cover.  Refer to Figure 3. 

 
3.3  Environment 
 

Measurements must be carried out in a stable atmosphere and at constant temperature.  
The equipment and the magnet must be in equilibrium before calibration of the 
equipment is made or any data are taken. 

 
4. Procedures 
 
4.1  Measurement of Cold Mass Sag and Straightness 
 
4.1.1 Locate the cold mass on the pre-established coplanar surface defined in section 3.2.   

The cold mass cradles will sit on the coplanar cradle supports.  Verify that all three 
cradles are in contact. 

 
CAUTION: 

 
 Notify cognizant engineer prior to proceeding if this condition cannot be obtained. 
 
4.1.2 Record initial cold mass sag and straightness values in traveler.  The cold mass sag at 

the end volumes must be within .02 inches as compared to the sag directly adjacent to 
the extremity cradles. Refer to Figure 4.  Straightness must be within 0.04 inches 
between cold mass end plates.  Measure straightness at eleven(11) equidistant points 
between the end plates.  Refer to Figure 5.  Correct sag and straightness to within these 
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limits if required by devising a plan with the cognizant engineer and the welders that 
will consist of adding transverse weld stripes across the shell. 

 
4.1.3 Record final sag and straightness values if corrections were required. 
 
4.1.4 Measure and record the twist at the 5 sets of fiducial holes. The standard deviation of 

the five measurements must be less than or equal to 1.0 mrad. 
 

CAUTION: 
 
 Notify cognizant engineer prior to proceeding if this condition cannot be obtained. 
 
 4.2 Establishment of Cold Mass Fiducial Locations 
 
4.2.1 Clean the lamination notches at the ten (10) fiducial hole locations to be measured, and 

install precision-ground temporary fiducial sockets in the notches using cyanoacrylate 
adhesive.  The ten temporary fiducial sockets must be identical to each other and 
symmetric about their bore axes.  The glue must be squeezed out to a minimum 
uniform thickness at all fiducials by applying continuous pressure during the entire cure 
time. 

 
4.2.2 Set up the survey measuring system around the cold mass.  The theodolites must "see" 

all ten fiducials on the top of the cold mass as well as the four fiducials on each of the 
end volumes. 

 
4.2.3 Install tooling balls in the fiducial sockets at the ten shell hole locations on top of the 

cold mass.  Install tooling balls in the four fiducial locations at each end volume.  The 
end volume fiducials are .2500 diameter holes in bosses welded to the end volumes.  
Install tooling balls in these also. 

 
4.2.4 Take “a”, “b”, and “c” position readings of the center of the tooling balls located in 

each shell hole fiducial socket. There are ten (10) shell locations to measure.  Record 
the "a", "b" and "c" readings in the traveler for each location. 

 
4.2.5 Use the measurements above to establish a datum plane based on a “least squares” 

analysis of the ten shell hole tooling ball locations.  
 
4.2.6 Take “a”, “b”, and “c” position readings of each of the end volume fiducials at the lead 

and non-lead ends.  There are eight (8) locations to measure.  Record the "a", "b" and 
"c" readings in the traveler for each location. 
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4.2.7 Reference the positions of the eight end volume fiducials to the theoretical plane 

calculated in step 4.2.5.  Record the positions of the end volume fiducials, as offsets 
from the theoretical plane, in the traveler. 

 
NOTE: 

 
The roll, pitch, and yaw of the cold mass within the vacuum vessel will be 
determined with respect to the positions of the eight end volume fiducials as 
recorded in the traveler. 

 
4.2.8 Remove the tooling balls and the temporary fiducial sockets.  Carefully store the 

sockets for future use. 
 
4.2.9 Weld on the ten cover discs over the shell holes.  Weld the discs using a crisscross 

pattern, alternately welding one disc, then the opposite disc, etc., moving back and forth 
along the length of the cold mass.  Use the same pattern from cold mass to cold mass. 
 

4.2.10 Remeasure cold mass sag & straightness.  ONLY IF REQUIRED, DEVISE A PLAN 
WITH THE COGNIZANT ENGINEER and the welders that will consist of adding 
transverse weld stripes across the shell to correct sag and/or straightness.  Record sag 
/straightness readings again in the traveler if a plan must be implemented. 
  

CAUTION: 
 
Any proposed corrections in cold mass twist or sag at this point must be approved 
by the cognizant engineer before being attempted. 

 
4.3  Alignment of Cold Mass Within Vacuum Vessel 
 
4.3.1 Set up the survey measuring system around the cryostat.  The theodolites must "see" all 

four (4) fiducials on each of the end volumes. 
 
4.3.2 Install tooling balls in the four fiducial locations on each end volume. 
 
4.3.4 Take “a”, “b”, and “c” position readings of the tooling balls in each of  the end volume 

fiducials at the lead and non-lead ends.  There are eight (8) locations to measure.  
Record the "a", "b" and "c" readings in the traveler for each location. Use the 
measurements above to establish a datum plane based on a “least squares” analysis of 
the eight fiducial locations.  This plane will be a copy of the plane established by the 
temporary cold mass fiducials (step 4.2.5). 
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4.3.5 Install the Taylor-Hobson (T-H) fiducial cups and spheres onto the mounting plates on 

the vacuum vessel.  There are six (6) locations.  Refer to Figure 6. 
 
4.3.6 Take “a”, “b”, and “c” position readings of the T-H fiducials.  Record the "a", "b" and 

"c" readings in the traveler for each location. 
 
4.3.7 Reference the positions of the T-H fiducials to the plane established by the eight end 

volume fiducials located in step 4.3.4.  Record the positions of the vacuum vessel 
fiducials in the traveler. 

 
NOTE: 

 
The roll, pitch, and yaw of the cold mass within the vacuum vessel, and the 
alignment of the cold mass with respect to the beam lattice in the CERN tunnel, 
will be set with respect to the positions of the T-H fiducials as recorded in the 
traveler. 

 
5. Quality Assurance Provisions 
 

5.1 The technician is responsible for notifying the technical supervisor and/or the 
cognizant engineer of any discrepancies occurring during the performance of 
this procedure. All discrepancies shall be identified and reported in accordance 
with SMD-MAG-1003.  

 
5.2 Measuring and test equipment used for this procedure shall contain a valid 

calibration label in accordance with the SBMS Subject Area “Calibration” 
 
6. Preparation For Delivery 
 

N/A 
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