Particle Physics Division, Technical Centers, Alignment and Metrology

Operating Procedure
Procedure Name:  Fermi Main Injector (FMI) Magnet Alignment with the SMX 4000 Laser Tracker
Number:  AMG-03 Written by:  Elke Fischer    Revisions by:  S. Lakanen   Revision Date:  16 September 1997



Training/Review Frequency: As Needed   Approved By:  Terry Sager          On Date 16 September 1997


PURPOSE:
The purpose of this procedure is to document the steps necessary to align the Fermilab Main Injector magnets with the laser tracker.                                                            
Equipment:
The SpatialMetriX (SMX) Laser Tracker 4000 (an upgrade of the Chesapeake CMS 3000), a personal computer loaded with the Laser Tracker program and the Magset program, a set of Dipole and Quadrapole fixtures, and the magnet center mounting ring. 

References:
The SMX Laser Tracker 4000 Training Manual and the software management protocol.  

Preface:  Program prompts, buttons and icons will be designated with the use of upper case and brackets i.e. <OVERWRITE YES or NO>.

Detailed Procedure: 

I   Observation Order and Fixtures

1.  The alignment procedure entails measuring up to nine magnets with each setup of the laser tracker, which is always centered on a quadrapole magnet.  The direction of travel is not important; but the preferred direction of travel is counter clockwise in the direction of travel of the proton beam.  The alignment of the three previously aligned magnets will be verified, the three magnets closest to the tracker are aligned to their ideal position, while the other three magnets are pre-aligned.  The following sketch shows a typical laser tracker setup.                      [image: image1.wmf]Q
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With the next setup the laser tracker moves in the direction of the pre-aligned magnets, leapfrogging from quadrapole to quadrapole, picking up three new magnets with each move. A set of 36 color coded magnet fixtures and nine interchangeable ring fixtures are used to aid in the measurement of the magnets.  

2.  Three sets of the thirty six magnet fixtures, identified with a solid color, a dot or a striped pattern, will be available for magnet alignment in the FMI along with the twenty seven centering rings. [image: image2.wmf]FMI Quadrapole Fixture
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3.  It was necessary to identify each fixture because of  the needed corrections due to fabrication differences.  Labeled either “A”, “B”, “C” or “D”, each fixture has a specific location in the alignment scheme as dictated by its color and label.   Each set of four uniquely colored fixtures must be placed on the dipole or quadrapole as shown on the following sketch along with the centering ring.
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4.  In addition to this specified order within a color group, the colors have to be arranged in a particular repeatable order as the alignment progresses.  The initial color scheme and subsequent moves are shown, using the preferred direction of travel, starting at the downstream dipole with regard to the proton beam:

Initial Color Scheme


Downstream


Proton Beam


  Upstream

Black      Brown     Green           Blue      Cyan              Red           White    Magenta   Yellow

Dipole   Quadrapole   Dipole     Dipole   Quadrapole   Dipole         Dipole   Quadrapole Dipole  ***** Pre-Alignment *****   |  *****    Alignment    *****    |     *****     As-Found     *****

Following the completion of the first setup, the three sets of fixtures used to verify the magnets aligned in the previous setup are advanced to the next position and placed in the proper orientation as per the fixture order dictated by the labels and the sketch showing the fixture order.  The first move that follows was made in the direction of the travel of the proton beam.

First Move


Downstream


Proton Beam


      Upstream


White     Magenta      Yellow      Black    Brown          Green       Blue      Cyan             Red        


Dipole   Quadrapole   Dipole     Dipole   Quadrapole   Dipole      Dipole   Quadrapole   Dipole  

      ***** Pre-Alignment *****   |  *****    Alignment    *****    |  *****     As-Found     *****

Each following move will require the three sets of fixtures used to verify the aligned magnets of the previous setup to be moved in the same manner.  The second move conforms to the preferred direction of travel, downstream along the proton beam.

Second Move



Downstream


    Proton Beam


                Upstream


 Blue      Cyan             Red            White    Magenta      Yellow              Black     Brown         Green 


Dipole   Quadrapole   Dipole        Dipole   Quadrapole   Dipole             Dipole   Quadrapole   Dipole  

    ***** Pre-Alignment *****   |  *****    Alignment    *****        |     *****     As-Found     *****

With the third and every successive third move, the fixtures return to the original configuration as shown below.

Third move and back to the Initial Color Scheme 


               Downstream



Proton Beam


       Upstream


 Black     Brown          Green                Blue      Cyan            Red             White     Magenta      Yellow 


Dipole   Quadrapole   Dipole               Dipole   Quadrapole   Dipole        Dipole   Quadrapole   Dipole  

     ***** Pre-Alignment *****      |     *****    Alignment    *****      |    *****     As-Found     *****

5.  The magnet center mounting rings, also known as the ring fixtures, do not require a correction. 

6.  It will be necessary to wipe off the magnet lands before installing the mounting fixtures.  Press the top of the dipole fixtures to check the installation.

7.  Special care must be used in mounting the quad fixtures (brown, cyan and magenta) such that the color faces the aisle.

II           The Laser Tracker Setup

1.  The Laser Tracker must be mounted on a heavy instrument stand with wheels.  The nine magnets and seven control points (three tierods and 4 floor points) are normally within the line of sight of the tracker.  
2.  Level the SMX 4000 Laser Tracker using the bulls eye bubble, which must be placed in the reset/home position located on the SMX 4000 (also known as the Tracker Mounted Reset or TMR).

3.  Connect the Laser Tracker to the Tracker Control Unit and the computer. 

4.  Start the Laser Tracker and perform three back sight tests in the vicinity of the three center magnets.  The acceptable values for dX, dY and dZ are 0.1 millimeters or less. If these checks are not acceptable, the Laser Tracker has to be calibrated with aim compensation or if necessary a full aim compensation.

5.  The laser beam shutter must be open in order to log into the Laser Tracker software. 

III          Using the Magset program and the Laser Tracker program

Notes:  It will be necessary to switch between the Magset and Laser Tracker programs frequently through the use of the <ALT> and <TAB> key.  When the Magset and Laser Tracker programs are open, holding the <ALT> key and cycling the <TAB>  key will display the <DESKTOP>,  the <Magset> or <SMX>

icons.

As the program proceeds, the C\SAG\CELLLIST.CSV will go through three changes:  First it will be imported into the Laser Tracker with the control coordinates and the magnet fixture names.  The as found data will be read into the CELLLIST file and imported back to the Magset program.  The third use of the file will be after the Magset program calculates the ideal positions for the magnet fixtures from the as founds and the data is imported back to the laser tracker for the adjustment of the magnets.   

The Laser Tracker will be referred to as the LT.

In this procedure, it will be assumed that the LT is setup at Cell Body 218.

1.  The <Magset> program is started with the  <Magset> icon found on the window's desktop.

2.  At the prompt,  <ENTER THE CELL BODY NUMBER>(218 for this procedure),  key in the number of the tierod  nearest the quadrapole directly in front of the tracker.  The default is the previous surveyed cell body number, keying “ENTER” will repeat the observation.  The program will draw on the database for the ideals, the nearest control and the magnet names, and put this information in the Celllist.csv file.

3.  The next screen describes how to change the combination of magnets with the arrow keys.  The default and first order is: dipole (black), quadrapole (brown), dipole (green), dipole (blue), quadrapole ( cyan), dipole (red), dipole (white), quadrapole (magenta) and dipole (yellow).  The color scheme will shift three magnet's positions with each setup in either direction.  The second correct combination of colors is selected on the screen by using either the left or right arrow key depending on the direction of travel. 

4.  The program will calculate the correct coordinates only if the colored fixtures are synchronized with the color scheme of the computer. Three different sets of fixtures have been manufactured (solid, striped or dot) to accommodate the simultaneous operation of the three laser trackers in the inventory.  The computer will shift to the different sets with the use of the up and down arrow keys. 

5.  After choosing the right color combination, switch to the Laser Tracker program <SMX-Insight> by using “ALT” and “TAB."  It may be necessary to open  <SMX-Insight> with a  <SMX> launching icon found on the desktop.

6.  The <SMX> icon will open a folder with six icons:

1.  <CAL>:  This is the calibration program for the SMX4000 or earlier models of the LT.

2.  <Faimcomp> An exclusive calibration program for SMX4000

3.  <Insight> The LT measuring program used in conjunction with the Magset program.

4.  <Raimcomp> A quick calibration for the SMX4000.

5.  <Tc4000.cfg> The configuration file for the SMX4000

6.  <TracPro> A program used in conjunction with the remote mouse.

Selecting the <Insight> icon will open the LT measuring program.  Log into the LT by clicking on the <Log IN> button found on the right end of the <Tool Bar>.  This establishes communications with the Tracker Head, if the laser shutter is not open, communications will not be established.

7.   Seven Menus will be made available:  JOB, EDIT, SETTINGS, DATA, TRACKER, WINDOW AND HELP.  Fifteen tools will also be available on the tool bar.

8.  Select <Open> from the <Job> menu and change the path to C:\SMX\INSIGHT and open <TEMPLATE.dta>.  

9.  Open the Geometric Entities Window by clicking on the tool with the Triangle and Sphere.  

    [image: image4.wmf]
10.  The Geometric Entities window will open offering two buttons, <Condition> and <Frame> and four filters, <Type>, <Set>, <State> and <Name>.  The following definitions should be reviewed before continuing with this procedure:


<Condition> is either set to <Current>, which is the historical condition or <Reference> which is the absolute condition, with <Current > being the preferred setting.

<Frame> has three options, <@Station1> for Tracker head coordinates, <Align> for local coordinates  relative to the center line of the magnets, or <Part> for the best fit to the Local Tunnel Coordinate   System (LTCS).  The preferred setting for <Frame> is <@Station1>.

Clicking on either  the <Condition> or <Frame> button will open the <Display Parameters> window where the displayed parameters are set for  <Frame> in the <Display Frame> box and the <Condition> parameters are set in either the <Absolute Condition> box or the <Historical Condition> box.


<Type> is the first filter and allows for the selection of the geometric entity, which will be <Point> for this procedure.  Click on the window above the filter button and the options will be displayed.


<SET> can be set to <All> to display <Actual> and <Nominal> data, or just <Actual> or just  <Nominal>

<State> should be set to <All> to show the status of the coordinates for each row.  The check mark indicates it has a solution, an asterisk will appear when there is some data in the row but not enough for solution and a blank indicates no data in the row.


<Name> should be set to <All> and is provided so the points can be named.

11.  Now that the <Geometric Entities> window is open, with the <Condition> defaulted to <Current> and <Frame> defaulted to <@Station1>, pull down the <Job> menu and select <Backup>.  Name the file 218.DTA and save it.

12.  Pull down the <Job> menu and now open the 218.dta file which will then appear in the <Title Bar>.

13.  Pull down the <Settings> menu, select <Units>, verify or change to meters and set precision to 5 place settings.

14.  Using either <Condition> or <Frame> button select <Part> for the Frame button and <Reference Temperature (20C or 68F)> for the <Condition> button.

15. Set the <Type> filter to <Point>.

16.  Do an <Enhanced Import> from the <Job> menu of The C:\SAG\CELLLIST.CSV file to import the actual, nominal and control coordinates created for Cell Body 218 by the Magset program.  In doing so, remember the <Type> is <General Import<ID, X, Y, Z, I, J, K,)>, <Read> must be selected, the first box in the <Nominal> and <Actual Features> must be set to <Point> while the second boxes are set to <No Features>.  The <Overwrite> box can be set to either <Yes> or <No> and the <Mirror Access> box is set to <None>.

17.  <Process> the <Enhanced Import> file and answer the <Check> query.

18.  The spread sheet will now show all of the imported names with blanks showing up on the <Actual> boxes while either zeros or the control coordinate values appear in the <Nominals>.  Delete any control points that were imported in but cannot be used due to field conditions. The next step is to select the control points to be used in the best fit. 

19.  Change the <Type> filter to <ALL> and double click on the cell in the <Function> column showing  <Frame best fit>.  This is found at the top of the spreadsheet.

20.  Edit the <Part Functions> window that now appears.  The <Hold Level> stays @NO, and Double Click the <Fit List>.

21.  Select <Add a point to List>, select a blank <Point> field and drag down to a control point to be added to the  <Best Fit List>.  Continue this exercise until all of the control points have been selected.

22.  Remove the check marks under the <Use X> and <Use Y> columns for the tierods (207nnn) by double clicking on each cell.  Close back to the spreadsheet; change the <Set> filter to <Actual>.

23.  Double click the cell on the first point row under the <Method> column and select <STD PT>.   Copy and Paste <Std PT> to all of other the points under the <Method> column.

24.  Enter one ID Number for each magnet in the <Comments> column.  The ID numbers can be entered at any time up until the file is imported back to the Magset program.  The program is ready for measurements.

25.   The selection of  <Condition> to <Current> and <Frame> to <@Station1> during the measurements will cause the program to display the coordinates directly.  

IV             Taking measurements

1.  Before starting any measurements, please review the following <Tracker Pad> commands:

If the Tracker Pad is not open, click on the <Tracker Pad> tool button, the last button on the right. 

 <Level> is executed with a double click; it will spin up the Tracker and report the condition of the internal leveling procedure.  The results can be reviewed by clicking with the RIGHT MOUSE BUTTON on the <Level> row of the spread sheet.  To close this window select <Close> from the <Window> menu.

<Home> is executed with a double click while the SMR is in the home or TMR position.  This sets the LT in the direct position.

<Reset> is executed with a double click while the SMR is in the home or TMR position.  This sets the LT in the reverse position.

<Measure> is executed after the name of the point to be measured is highlighted.

Observations are cleared by high lighting the name of the point and selecting <Clear Obs> from the <Edit> menu. 

A point can be deleted by highlighting it and selecting <Delete> from the <Edit> menu.  

<Closure>, which opens with one click, will report any changes from the previous <Home> or <Reset> observation if the beam has not been broken.  If the closure is greater than +/- 0.0001 meters it will be necessary to reobserve the observations taken since the previous <Home> or <Reset> was initiated.

<Sight> and <Aim> are not used during this procedure and will not be addressed at this time.

2.  Select <LEVEL> on the tracker pad and level the instrument twice. The deltas should be under ¼ arc second, if not, repeat a third time.  Remember to select the <Level> row and to use the right mouse button to see the results.  If the deltas remain higher than 1arc second, contact the task manager.

3.   Make sure that the nest is clean, properly seated and all the fixtures are correctly mounted on the magnets.

4.  The order of measurement is not important as long as every point is measured in both faces. 

5.  After both faces have been observed the spread can be checked by selecting the row and using the right mouse button.  This window is closed from the <Window> menu.  In the vicinity of the three closest magnets, look for deltas in the range of 100 microns.  The spreads at the extreme edges of the volume should be in the range of 500 microns. 

6.   Recheck the <LEVEL> one more time from the tracker pad.  If the level now shows deltas exceeding 2 arc seconds from the first setup, it will be necessary to reobserve the setup as the tracker was probably disturbed.  

V            Using the Magset program and the Laser Tracker program after taking the measurements

1. After taking the measurements change the <Condition> button to <Reference>, the <Frame> button to  <Part >, the <Set> filter to <All> and highlight a cell in the <Frame> part in the Spread sheet.  Calculate the best fit of the actual values by recalculating, using <R> on the <Tool Bar>, and updating, by using <U> on the tool bar.  Copy <Best Fit> to the next cell down.  Recalculate the <Best Fit> using <R> and <U>.

2.  The deltas of the best fit can be displayed with the <Delta> key (Triangle) on the <Layout Bar>.   The Delta’s should be less than 100 microns.  If not less than 100 microns, change the best fit to the three tierods and the two floor points that are closest to the LT.  Recalculate <R> and update with <U>.  Check the deltas again if the spread remains greater than 100 microns recheck the forward and reverse observations, if there are no anomalies, contact the task manager.

3.   Remove the deltas from the spread sheet by clicking the <Delta> key (Triangle) on the <Layout Bar>.  Change the <Set> filter to <Actual>, then select the names, actual coordinates in meters, and the comments for the forty five fixtures.  The coordinates will be saved by <Printing> to the C:\SAG\CELLLIST.CSV file.

4.  Select the <Print> icon from the menu and print the file.  The file will show up on a <Notepad> window.  CLOSE THE WINDOWS BACK TO THE SPREAD SHEET BEFORE CONTINUING.   Key  <ALT> <TAB> to get into the Magset program again.

5.  Having completed steps 1 through 4, just key <Enter> and the <RED> and <Green> screen will appear showing the computed values, the values which are acceptable will be <Green>.  The values shown represent the deltas between the A-B distances and the C-D distances of the designed magnet and the calculated magnet.  It also computes the flatness of the plane A-B-C-D.

6.  If the value for any of the fixtures is larger than 0.1 millimeters, the background color will be red, indicating a need for additional observations.  Reset the indicated fixtures on the magnets and then choose REOBSERVE and switch to the Laser tracker program.

Notes:
Before taking any new measurements it is necessary to clear the observations for the “bad” fixtures.  After reobserving the points, the whole data set must be imported back into the Magset program.  Overwrite this data to the file C:\SAG\CELLLIST.CSV.  Check the deltas between the A-B distances, the C-D distances, the flatness of the designed magnet and the calculated magnet.  Everything should be in the green.  If not, hit <S> to compare the first with second measurements. This screen displays the repeatability of the measurements, which should be smaller than 0.1 millimeters. If any values are “red” it will be necessary to measure these fixtures again.  Continue with the program until all of the values of either the first or second screens are green.  Then key <M> for move and the Magset program will create the next CELLLIST file. 

7.  Switch to the Laser Tracker program and import the design (nominal) coordinates from the file C:\SAG\CELLLIST.CSV.  Change the <Set> filter to <Nominal>, select <Import> from the <JOB> menu and then select file type <Point>.

8.  Look at the deltas between the design and actual coordinates. The three magnets aligned on the last set up should have deltas smaller than 0.2 millimeter.  If the deltas are greater than 0.2 millimeters it will be necessary to repeat the previous setup.  The three middle magnets must have deltas smaller than 0.1 millimeter or it will be necessary to adjust the magnets. The deltas of the last three magnets must be adjusted to smaller than 0.5 millimeters.

9.   Change the <Frame> to <Align> to get the coordinate system parallel with the CB218 quadrapole magnet.  The <Delta X> is the radial adjustment, <Delta Y> is the beam station adjustment and <Delta Z> is Up and down.

10.    Adjust the magnets while observing the computer display of the watch window (found only in the new version 1.77 of the Laser Tracker software). You will find it under windows called <WATCH NEAREST>. For more information see the SMX Insight 1.77 User’s Guide, chapter 3, page 44. This window always shows the delta between the prism and the nominal point that is the nearest to the prism.

11.  When moving any of the three center magnets, horizontally or vertically, set the prism on the fixture and adjust the position of the magnet to the correct location.  The three center magnets must be set to +/- 50 microns. 

12.  The last three magnets only have to be aligned to 0.5 millimeter as the final adjustment will be made at the next set up.

Note: If a fixture is disturbed during the measurement or adjusting process, the magnet must be remeasured.   Switch to the Magset program and press ESC to quit the program. Reopen the same cell number (hit only ENTER) and change the program back to the Laser Tracker. Take new measurements in both faces on the fixture that was disturbed.  Repeat the same steps as before (see step 3): save the actual coordinates in CELLLIST.CSV, tell the Magset program to move, import the nominal coordinates, etc.

13.  After making the adjustments, observe the newly aligned magnets in both faces. First clear the old observations, keep the measurements of the three as-found.  When the deltas between the new data and the nominal coordinates are smaller than 100 microns, the final alignment of the three magnets is correct.

14.  Level the tracker one more time to verify it has not been disturbed.

15.  Copy the names, the actual coordinates (in meters), the comments of the 45 fixtures and the control points to the file C:\SAG\CELLLIST.CSV.

16.  Switch to the Magset program and press ENTER.

17.  The software will suggest a filename:    yymmddMS.cellnumber, accept the name or type in another. 

18.  Move to the next set up. 
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