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These instructions cover step-by-step actions enumerated in “SLAC Traveler for HXR Undulator Calibration”. Every item on the traveler listed as a checkmark is explained in as much detail as possible. Repeatable items like “initializing the bench” and “coil installation” are moved to Appendix. 

The traveler template could be found at:”s:\magdata\LCLS-II\undulator\
MMF_Traveler_HXR_calibration”. 
· Remove all protective covers. 
After an undulator has been installed on the bench and z-restrain installed, make sure the gap is clear of external objects.
· Remove plastic cover. Clean up the granite.

The bench should be covered by a plastic sheet during the undulator installation. Make sure the plastic has been removed and the granite cleaned with alcohol.

· Label modules from 1 to 3.

The undulator constitutes out of 3 magnet modules. It would be useful to have the modules labeled. Print 3 labels (Module 1 to Module 3) on a label printer and affix them on top of the undulator, wall side, close to the center of each module.

· Remove the motor covers on the bench side.

The motor cover on the bench side will interfere with the bench carriage. Make sure they are removed; cables are out of the way. 

· Check vacuum chamber limit switches.

There are 2 sets of holes for mounting the limit switches. Make sure the outside set of holes is used. If not, move limit switches away from the gap. Otherwise, they will interfere with the probes. 
	Vendor serial number from undulator label:
	

	Technician (initials):
	

	Date/Time:
	


· Call controls group to hook-up and check the control system. Check completed.

Call Harman to connect and check the control system. After the control system is functional, ask Harman or Alex to reboot the cam mover system.

Open and log-in into Unix by using MobaXterm, SSH to “lcls-dev2”, start “test-stand”. Under “LCLS- II Und TestStands” tab choose “HGVPU: MMF”. The main GUI will pop-up. Click “Other Controls” tab and choose “Gap Control”. Click on “Girder X&Y control” to get to the cam movers’ control GUI. Click “Calibrate motors”. The numbers everywhere should continuously change a little bit. It means, the system works. Pay attention to units. The coordinates are in mm, but angles are in radians. To input a coordinate into the system, type a number into an appropriate control box and press “Enter”. (The “Enter” button must be always pressed after input.) The motion will be initiated when “Move Cams” button is pressed. Make sure to zero the coordinate in the control box after the motion is completed. Otherwise, the same motion will be repeated.
· Call alignment crew to align the undulator to the bench. Alignment done.
An alignment crew will measure the current undulator position w.r.t. the bench and tell how much the undulator is to be moved. If the motions are small (<1mrad angles and < 1mm coordinates), it could be done by the cam movers. Start with angles; first do the roll, then pitch and yaw. The Y-coordinate is not important, leave it as is. The x-coordinate should be set not to zero but close to +0.2mm. It is important for future Hall probe measurements. 
If required position is “not reachable” for cams, move the girder manually.

· Open gap to 100mm. Attach temperature sensors.

This step could be done before alignment. The sensors should be attached by screws on a lower part of the magnet modules, 3 on the wall side and 3 on the aisle side. 

After the sensors are attached, log-in into the temperature server (password is: Magnetic**). The ”**” number is written on a paper next to the machine. Exit the “LabControl server” program. Open “c:\magdata\LabControl\data\LabControl.ini” file. Scroll down to a list of HXR undulators, comment out (//) the previous undulator and make an input for the recent undulator, save and exit. Re-start the “LabControl” server. The correct undulator name should appear on the GUI.
· Check for loose shims.
Sometimes, shims between magnets and poles could get loose and stuck into the gap after the transportation. Visually or by sliding a finger along the poles, check for a loose shim. Report it as a NCR, if a loose shim is found. Put the shim back until it is flat with or below the poles and apply a small amount of “Duco Cement” glue. The glue should not get into the gap. Wipe the excess off.

· Connect load cells, check balance. 
The load cells could be connected at any time after the undulator installation and the control system hook-up. Each connector is labelled. Switch On the box after all load cells are connected. Open the undulator gap to 100mm gap and press “Tare” button on the front of each load cell control box to zero the readings.

Start MatLab “Load Balance” program located at: “c:\Analysis\Data Acquisition\Load Balance\..”. Close the gap to 7.3mm and check the results on the program GUI. All control numbers must be in tolerance. If not, click on “Correct Encoders Offsets” button. Open gap to 100mm to check/reset the load cells zeroes. Repeat the balancing procedure.

· Turn ON the bench. Manually move the carriage to check for interferences. 

If gap is at 100 mm there should be no danger to initialize the bench as is, without moving the carriage manually. Double check for interferences.

· Initialize the bench.

See attachments for details.

Undulator Calibration.
Follow the check list below, consult with the tuning test plan (LCLS-TN-17-1). 
All LabWindowsCVI programs must be running in “debug” and “run as administrator” modes.

· Undulator magnetically aligned at tuning Gap = 9mm (check load cells’ readings, balance cells if necessary); results recorded in the table below.

Make sure the gap is set to 9mm. Do the undulator alignment in Y-direction first with the use of C:\CVI\Bscany_hgvpu|Bscany_hgvpu_dbg.exe program. On GUI, there are two input boxes for “First pole position” and “x-position” which are filled in automatically. Set x-position to zero. The first pole position should be close to 1.560 m. Click on “check position” button. The stage will move the probe to the US end of the undulator and stop. Go and check by eye if probe is centered at pole #4. If not, estimate/measure how much the probe should be moved to pole #4 center and in which direction. Let’s say that the probe is 3mm away from the pole #4 center and closer to pole #3. It means the probe should be moved toward the DS end, i.e., the first pole position should be 1.56 + 0.003 = 1.563. There will be a pop-up on GUI waiting for input. Click “Yes”. The probe will move back into zero-Gauss chamber. Input the new first pole position (1.563) and click “start”. Upon completion of the measurements, write down with a pencil the pitch and the y-position numbers. Input the pitch number into the appropriate box on the cam control GUI and click “move the cams”. After the cam motion is finished, repeat the “Bscany” measurements. (Make sure the cam movers GUI input boxes are set to zero after each move.) Iterate the process until the pitch angle is less than 2urad. Exit the program.
Next, do the alignment in x-direction. Use Bscanx program located at C:\CVI\Bscany_hgvpu|Bscany_hgvpu_dbg.exe. On the GUI, there are two input boxes for “First pole position” and “y-position” which are filled in automatically. Set y-position to the previously measured number. The first pole position should be set the same as used for the “Bscany”. Upon completion of the measurements, write down with a pencil the yaw and x-position numbers. Input the yaw number into the appropriate box on the cam control GUI and click “move the cams” (Make sure the cam movers GUI input boxes are set to zero after each move.). If the x-position is outside 0.15 ÷ 0.25mm range, input a correction into x-position box on the cam movers GUI and move the cams. After the cam motion is finished, repeat the Bscanx measurements. Iterate the process until the yaw angle is less than 2urad and x-position is 0.2±0.05mm. Exit the program.
Check the pitch and y-position ones again; correct, if needed. Check yaw and x-position.

· Find magnetic center at min Bx, record X position in the table.

The undulator has been aligned to the bench now. The next step is to find the magnetic center more accurately in the x-direction. It’s done by measuring Bx-field at 3 x-positions, calculating the average of absolute field magnitude for each x-position, fitting a parabola to the results, and finding the x at the minimum. 
Start C:\CVI\Zscan_hgvpu|Zscan_hgvpu_dbg.exe program. In the upper right corner check the “Gap Control” to “ON”. Input 9mm into “Desired Gap” box and click “set desired gap”. Input x-position and y-position into appropriate boxes. Set “x-axis increment” to 0.000100m. Set “x-number of steps” to 3. Make sure “y-axis increment” is set to 0.0 and “y-number of steps” is set to 1. The box “scan at multiple gap settings” should be unchecked. Click “Run” and check if the parameters on “Run_param” GUI are correct; input comments, like “Initial, find MA”. Click “OK”. After the measurements are done start MatLab. Open file “C:\cvi\matlab_files\.. y_center.m”, correct the undulator S/N in the code and run it. Select the latest Run # with Zscan measurements. The output will be the magnetic center x-position. Write it down into the table. It should be close to the measured one from the Bscanx. Exit Zscan program.
· Match half-gap and full-gap encoder readings at 9.0 mm gap

The full gap encoders and the half-gap encoders should measure the same gap at 9mm. Go to the “Undulator Control” GUI, input 9mm into “desired gap” box, click “enter” then “Go” to reset the gap to 9mm. Under “Other Controls” tab choose “Device setup”. There are boxes on GUI for the half-gap encoders’ offsets and readings.  Change the offsets one by one so that the half-gap encoder readings show 9mm exactly. It is easy to see which offset to be changed and how much. (as an example: the reading is 8.9973, the first offset is 4.5001 and the second one is 4.4972). Close the “Device setup” GUI. Click “Other Controls” tab and choose “FPGA setup”. Change the encoder deadband from 0.25um to 0.125um. Exit “FPGA setup”.
· Install capacitive sensors.

Start Umac. Input 0.050m into “Desired absolute z-position” box. Click “move stage in z”. Now the capacitive sensors could be installed. Remove 2 screws, rotate the sensors holder 90 deg. clockwise and set it on 2 pins. Re-install the screws. Input 0.0 into “Desired absolute z-position” box on the Umac GUI. Click “move stage in z”. Check by eye if there is a gap everywhere between the sensor holder and the reference block. If not, make the gap visible everywhere by adjusting the holder pitch with the use of a goniometer on the capacitive sensor arm. Exit Umac program.
· Close gap to 7.5mm. Check gap straightness with capacitive sensors.

The gap should be set to 7.5mm for the capacitive sensor measurements. Go to “Undulator Control” GUI, input 7.5mm into “desired gap” box, click “enter” then “Go” to set the gap. 

Start C:\CVI\Mech_position\mech_pos_dbg.exe program. No other input is required but the undulator parameters on the “Run_param” GUI. After the measurements are done, exit the program and start MatLab. Load “capacitive_sensor_vp_anal” program, correct data file directory and run it.
· Capacitive sensors removed.

Like for the installation, start Umac, input 0.050m into “Desired absolute z-position” box, click “move stage in z”. Now the capacitive sensors could be removed. Remove 2 screws, take the holder off the pins, rotate 90 deg. counterclockwise and fix it with the screws. Input 0.0 into “Desired absolute z-position” box on Umac GUI. Click “move stage in z”. Exit Umac.
· Trajectories and phase errors checked. Measure fields for phase matching.
Start C:\CVI\Zscan_hgvpu\Zscan_hgvpu_dbg.exe program. In the upper right corner check the “Gap Control” to “ON”. Make sure x-position and y-position are correct(found in the previous steps). Set “x-number of steps” to 1. Make sure “y-number of steps” set to 1. The box “scan at multiple gap settings” should be unchecked. Make sure “Desired gap” box is set to 9mm. Click “Set gap to desired value”. Click “Run” to start measurements at 9mm gap. Input comments on “RunParam” GUI and click “OK”. 
Upon finishing the measurements, start MatLab. Load “pid_anal_param” file. Set “SET_I12XY_REQUIRED” to “none”. Open “pid_anal_op” file, correct data directory to the proper one (it could be found in Zscan GUI box). Run “pid_anal_op” program. The figures will be closed at the end. Go to correct directory (data directory) and open Postscript file to check the results. Make sure there is no big taper on the Bx field plot, By field peaks look random and below 0.2G, trajectories a reasonably straight and phase errors are below 3°. If not, more tuning to be done later.
Check the box “scan at multiple gap settings”. From drop-down menu, choose “phase_matching_data” file. Click “run” to start the measurements. Exit the Zscan.

· US PM measured
Start “PM_center” program. Make sure the box in the top right corner is set to “URM”. Click “Initialize” to move the probe into start point inside the PM. Start the measurements. After completion of the measurements, write down x, y, z coordinates of the center from boxes closest to the graph on GUI. Exit the program.
· Kugler bench OFF, Long coil set, Alignment done, PDI and XPS ON

Turn Off the bench by rotating the red lever on the control cabinet counterclockwise. Turn Off the vacuum pump also. 
Install the long coil, see appendix for details.

Call an alignment crew for the coil alignment. They will give two numbers as a result: current position of the coil in x and y w.r.t. the US pointed magnet. Use an Excell worksheet “position_calculations.xls” (one could be taken as a template from the previous undulator) to do the calculations. The magnetic axis position measured with the Hall probe, PM measurements with the probe, and alignment data are the inputs into appropriate cells on the worksheet. The result is the coil offsets from the magnetic axis in x and y direction. 

· Undulator field integrals checked. If shimming is needed, repeat coil measurements and tuning.
Start C:\CVI\Ufint_gap\Ufint_gap_dbg.exe program. After the initialization, input the coil offsets from the previous step into appropriate boxes. Click “Move to center” button to set the coil. Click “OK” on pop-up. Check “Measure at multiple gaps” and choose “Check_integrals.gap” file from the drop-down list. The other controls should be set as follows: “averaging number” to 3, “x – positions number” to 0, “y- positions number” to 0. Click “Measure all integrals”. It will be a short measurement run for gaps up to 20mm.
The results will be shown on graphs. There will be a text file in the coil directory for this undulator called “summary”. It is useful for a quick check if integrals are within the tolerances and which curve is which on the graphs. If the integrals are not in tolerances, tuning is needed. 
Open MatLab program “C:\Analysis\Long Coil Analysis\ Long Coil\ long_coil_anal.m” to process the coil measurement results. Edit path in “input_file_dir” and run the program. 

Load “c:\Analysis\planar insertion device\planar_ID_analysis\pid_anal_param.m” file. Set “SET_I12XY_REQUIRED” to “true”, correct “SET_I12XY_FILE” to the proper one (latest measurements with Ufint), save the changes. Open “pid_anal_op” file from the same folder as “_param” file, correct “root_dir” to the proper one (latest measurements with Zscan). Run “pid_anal_op” program.
To choose which pole to use for tuning in a particular case, look at figures of absolute peak fields and trajectories in a postscript file created by analysis MatLab program.  The goal is not only making trajectories straight (if there is a kick close to the area) and the filed integrals small but also to reduce the phase errors by making the absolute field peaks closer to an average (the less the scatter in the peak fields the smaller the phase errors). This procedure requires practice by “try and error”. All actions are reversible. If a pole moved in the wrong direction or by a wrong amount, it could be re-done. The same applies to the installation of the magnetic slugs. 
The shimming could be done with the coil in place but, to be safe, the coil should be taken off, see appendix for tuning details. 
· Field integrals shimming completed.
Install the long coil after tuning is done to check the field integrals, see appendix for details.  Repeat the tuning steps until all integrals are in tolerance (The best case is when Bx field integrals are negative and By integrals are positive (~ 10 G-cm)).
· Field integrals measured for finding commissioning gap.
On “Ufint” GUI check “Measure at multiple gaps” and choose “Phase_matching_data.gap” file from the drop-down list. The other controls should be set as follows: “averaging number” to 3, “x – positions number” to 0, “y- positions number” to 0. Click “Measure all integrals”. Exit Ufint program.

· Coil and stages set in park position, PDI and XPS OFF, the coil removed. 
Take the coil off the bench, see appendix for details.

· Kugler bench ON and re-initialized.

Turn On and initialize the bench, see appendix for details.
· MA position vs X checked.

Start C:\CVI\Zscan_hgvpu|Zscan_hgvpu_dbg.exe program. In the upper right corner check the “Gap Control” to “ON”. Input 9mm into “Desired Gap” box and click “set desired gap”. Input x-position and y-position into appropriate boxes. Set “x-axis increment” to 0.000100m. Set “x-number of steps” to 3. Make sure “y-axis increment” is set to 0.0 and “y-number of steps” to 1. The box “scan at multiple gap settings” should be unchecked. Click “Run” and check if the parameters on “Run_param” GUI are correct; input comments, like “Initial, find MA”. Click “OK”. After the measurements are done start MatLab. Open file “y_center” located at C:\cvi\matlab_files\.., correct the undulator S/N in the code and run it. The output will be the magnetic center x-position. Write it down into the table below. It should be close to the previous number. 

· Trajectories and phase errors checked and within the tolerances. 

Start “c:\Analysis\planar insertion device\planar_ID_analysis\pid_anal_param.m” program in MatLab. Check if “SET_I12XY_REQUIRED” set to “true”, correct “SET_I12XY_FILE” to the proper one (latest measurements with Ufint “check_integrals”), save the changes. Open “pid_anal_op” file, correct “root_dir” to the proper one (latest measurements with Zscan). Run “pid_anal_op” program. Open the postscript file located in the data directory and check if BBA corrected trajectories are straight to 2um and rms phase error is below 2°.
· Hall probe measurements to find commissioning gap done.

Switch to Zscan GUI. Check the box “scan at multiple gap settings”. From drop-down menu, choose “phase_matching_data” file. Make sure “x-number of steps” set to 1, “y-number of steps” set to 1. Click “run” to start the measurements. Exit the Zscan.

· Phase matching done.

Start “c:\Analysis\planar insertion device\planar_ID_analysis\pid_anal_param.m” program in MatLab. Check if “SET_I12XY_REQUIRED” set to “true”, correct “SET_I12XY_FILE” to the proper path (latest measurements with Ufint “phase_matching_data”), save the changes. Open “pid_anal_op” file, correct “root_dir” to the proper one (latest measurements with Zscan). Run “pid_anal_op” program. Open “C:\Analysis\Planar Insertion Device\Planar ID Fit K\pid_fit_K.m file. Change the “output_dir” to the same path as for “pid_anal_op”. Set the “root_dir” to the same path. Save and run MatLab. List through the pictures to find one with commissioning gap. Write down the commissioning gap in the table below. Open “C:\Analysis\Planar Insertion Device\Planar ID Fit Phase Match\ pid_fit_phase_match.m file. Change the “output_dir” and “root_dir” to the same path as for “pid_anal_op”. Save and run the program. List through the pictures to find a figure with DS phase matching error. Write down the number. Continue to scroll to find a figure with the US phase matching error. Write down the number. If the phase matching errors are bigger than 2° tuning must be done. The phase matching tuning is done by moving 2 neighboring poles (4 total). The phase matching tuning should be done on the first/last 8 poles of the undulator (Module 1, poles 4÷8 for US or Module 3, poles 80÷84 for DS. We skip the first 3 poles and the last 3 poles because the first pole has no potential, the second pole is ¼ of the full strength, and the third pole is ¾ of the full strength). If the phase error is too small, the poles should be moved toward the gap to make the field higher. The poles’ motion of 25um each (50um gap change) will result in 5.4° phase change. Check the tuning by re-measuring with the Hall probe. Repeat tuning if needed until the tolerance is met.
· Coil installed; optical measurement of coil position done.
Install the long coil, see appendix for details. Call an alignment crew to align it. Calculate coil offsets.
· Field integrals vs gap checked.

To check the field integrals after tuning, start C:\CVI\Ufint_gap\Ufint_gap_dbg.exe program. After the initialization, input the coil offsets from the previous step into appropriate boxes. Click “Move to center” button to set the coil. Click “OK” on pop-up. Check “Measure at multiple gaps” and choose “Final_check.gap” file from the drop-down list. The other controls should be set as follows: “averaging number” to 3, “x – positions number” to 0, “y- positions number” to 0. Click “Measure all integrals”. Check if integrals are within the tolerances. If not, go back to “Field integrals shimming completed” step to repeat the tuning process.
· Final scan done, coil
On the Ufint GUI click “Final”. The measurements will be completed in ~ 20 hours and all data files created. Check “Summary” files in “On Axis” and “Good field region” folders to make sure all integrals are in tolerances for the operational range (7.2÷20mm). Ask Zack Wolf to process the data.
· Coil and stages set in park position. PDI and XPS OFF, the coil removed.

Take the coil off the bench, see appendix for details.

· Gap clearance checked. Gap =7.350mm

To make sure the vacuum chamber will fit at the smallest gap check the gap clearance with the 7.2mm aluminum gage plate (stored on a book cabinet shelf). Close the gap to 7.350mm, insert the plate into the gap along the undulator. It should fit everywhere without any force. If the plate does not fit, change US and DS full-gap encoders’ offsets by the same amount of 20 um, re-set the gap, and try the plate again. Repeat procedure if the plate does not fit yet.
To change the offsets, go to “Undulator Control” GUI, click “Other Controls”, choose “Device setup”. There are boxes on GUI for the full-gap encoders’ offsets and readings.  Change the offsets so that the readings show smaller gaps. 

· Voltmeters checked.

Before the final HP measurements, the Voltmeters to be checked for a possible drift. Make sure the Voltage standard is connected to the back input terminal of the x-voltmeter. On the front panel of the voltmeter press a knob “rear input” located in the top-right corner. Press “Output On” on the voltage standard panel. The voltage standard display should show 6.000000V; adjust it with the knobs, if needed. Wait ~20 sec and read the voltmeter display, write down the number. Switch Off the output on the standard, disconnect the cable from the output terminal, short the leads on the cable with a screwdriver to remove electrical charges, flip over and connect the cable back to the standard output. Turn the output ON. After ~ 20 sec read the voltmeter and write down the number. The voltage should be negative 6V now. Turn the standard output Off. Return the output cable to the initial state by reversing the procedure of flipping it over. Remember to discharge the cable leads; otherwise, the output voltage will be unstable. Using knobs on the front panel of the voltage standard change the output voltage to 1V. Turn the output On, read voltmeter after ~20 sec, write down the number. Press the “rear input” knob to switch the voltmeter input to the front input terminal. Move the cable on the back from the x-voltmeter to y-voltmeter. Press the “rear input” knob on the y-voltmeter front panel, after ~ 20 sec read and write down the voltage. Press the “rear input” knob again to return input to the front terminal. Move the cable on the back to the x-voltmeter. Switch off output to the standard. Set the output voltage on the standard back to 6V.
Open “C:\CVI\current_calib\SENTRON_441\ SENTRON_441_y.ini file. Compare the x-voltmeter readings of the standard with the numbers in the comments section. The numbers should not deviate more than 2(10-5, otherwise the voltmeter should be recalibrated. There is a “self-calibration” knob on the front panel. All cables should be disconnected. The calibration type should be set to “DC”. Refer to voltmeter “User Manual” for details. 
Re-check the voltmeter drift after the “self-calibration”. If the difference is still big, the Hall probe must be re-calibrated. The Hall calibration procedure shall be detailed in a separate instruction.

· Kugler bench ON and re-initialized.
Turn ON and initialize the bench.
· Reference magnet measured.

The Hall probe calibration should be checked and recorded before the final measurements.  Start “C:\CVI\Refm_Kugler 7500\Refm_dbg.exe” program. Click “Move to center” then “Measure”. After the measurements finished and the Hall probe moved back into US zero-Gauss chamber, turn ON the NMR. Install the NMR probe into a holder on the reference magnet. Make sure the probe is all the way in, fix it with the screws. Press “Scan” button on the front panel of the NMR box and wait until the device is locked on the signal.

Open “s:\magdata\LCLS-II\undulator\Reference_magnet_HXR.slx” file. Make a new input with recent data and comments. Input “Refm” results and NMR reading into appropriate boxes. The difference between the Hall probe and NMR readings will be calculated. It should not deviate from the Hall probe current calibration run by more than 0.3G. Otherwise, the Hall probe has mustre-calibrated. Exit the Refm program.

· MA position vs X checked; Gap = 9mm.
Check the Magnetic axis position again as described earlier in the instruction.

· Phase matching checked.
Check the phase matching again as described earlier in the “Phase matching done” section. If any corrections are needed, start over from there.

· Final scan done, Hall probe.

Start “Zscan_hgvpu_dbg.exe” program. In the upper right corner check the “Gap Control” to “ON”. Make sure x-position and y-position are correct; all other controls will be set as needed automatically. Click “Final” to start the measurements. Upon finishing the measurements in ~ 24 hours, ask Zack Wolf to process the data and check the results.  

· MA checked after final.

Check the magnetic axis x-position again after the final measurements.

· Capacitive sensor measurements done after final.
Close the undulator gap to 7.5 mm, install the capacitive sensors, do the measurements, and remove the sensors. Refer to the earlier sections of this instruction for details.

· PMs attached.

Attach the PMs to the undulator girder; PM#2 to US end and PM#3 to DS end.

· PMs measured for fiducialization, file with results created.

Start “PM_center” program. Make sure the box in the top right corner is set to “URM”. Click “Initialize” to move the probe into start point inside the PM. Click “Center” to start the measurements. After completion of the measurements, write down x, y, z coordinates of the center from boxes closest to the graph. Click “Publish” to save the results every time the measurement of each PM is finished, and the Hall probe returned into zero-Gauss chamber. Change the PM name in the box in the top right corner to “UPM”. Click “Initialize” to move the probe into start point inside the PM. Check if the Hall probe is close to the center in z (±0.5mm or so). Estimate how much the probe is away from the center. Correct the initial z-coordinate in the appropriate box on the right side of the GUI and click “initialize” again. Check if the Hall probe is at the center in z. Start the measurements. After completion of the measurements, write down x, y, z coordinates of the center from boxes closest to the graph. Change the PM name in the box in the top right corner to “DPM”. Change the initial z-coordinate by the same amount as for “UPM” and click “Initialize”. Check if the Hall probe is close to the center in z (±0.5mm or so), correct if needed as before. Start the measurements. Continue the measurements of the PMs as following: DRM, UPM, DPM, URM. No z-corrections is needed anymore since the program uses the numbers from the previous measurements. Each PM should be measured twice.
Open “read_exl_fid_file.m” in MatLab and run it. Select a directory (not the file) with the PM measurement results from the previous step (“pmc.txt” file). The program will read the measurement data from several files and create a summary file “Calculations.xls”. 
· Fiducialization done.

Call an alignment crew to do the fiducialization measurements. When the fiducialization report is ready, run the “read_exl_fid_file.m” again to update the “Calculations.xls” file. Open it, format width of columns to make them look nice and print out the sheet. Put the printed copy into the folder.

· Capacitive sensor measurements, poles #10, 20, 240, 250 done.

Call Zack Wolf to do the gap measurements.

· Controller Configuration saved.
Call Harman or Alex to save the controller configuration. They should print out a paper sheet with encoders’ offsets. Check the offsets with ones in the “…\Controls data\Undulator_parameters.txt” file. Sign the sheet and put it into the Undulator traveler folder. Write “Completed” in the “tuning” section of the check list and sign.

The following two tables should be filled in during the tuning process. Make entries with a pencil for easy corrections, if needed. 
	Feet Position (A, B, or C):
	B

	Closed loop Encoders
	Full-Gap, Renishaw

	Average X (m):
	

	Average Y (m):
	

	Final Pitch (µrad):
	

	Final Yaw (µrad):
	

	Magnetic axis position X (m):
	

	Magnetic axis position Y (m):
	

	Coil X-position (m)
	

	Coil Y-position (m)
	

	Commissioning Gap (mm)
	

	Reference magnet measurement (T)
	

	Voltmeter X (1V)               1.00001
	

	Voltmeter Y (1V)               1.00001
	

	Voltmeter X (6V)               6.00005
	

	Voltmeter X (-6V)             -6.00005
	


Load cells’ readings at gap = 9.0 mm
	UWU upstream bench up
	

	UWL upstream bench low
	

	UAU upstream aisle up
	

	UAL upstream aisle low
	

	DWU downstream bench up
	

	DWL downstream bench low
	

	DAU downstream aisle up
	

	DAL downstream aisle low
	


Fiducialization:
	Engineer (Initials):
	

	Upstream RM X offset (m):
	

	Upstream RM Y offset (m):
	

	Downstream RM X offset (m):
	

	Downstream RM Y offset (m):
	

	Upstream PM X offset (m):
	

	Upstream PM Y offset (m):
	

	Downstream PM X offset (m):
	

	Downstream PM Y offset (m):
	


Have an alignment crew to measure offsets between RM and the undulator fiducials. 
	Surveyor (initials):
	

	Date (mm/dd/yyyy):
	


Prepare the undulator for the move into the storage area:

· Set gap to 100mm. Remove vacuum chamber limit switch brackets.

Set the gap to 100mm for easy access. No vacuum chamber limit switch brackets are used.

· Remove temperature sensors.

Remove all 6 temperature sensors and put them aside next to the girder supports. 

· Remove long coil brackets.

Take 2 long coil brackets off the aisle side strongback and put them aside.
· Set cam mover motors to zero.

The cam motors should be set to zero for the next undulator installation and alignment. On “Undulator Control” main GUI, click “Other Controls” tab and choose “Gap Control”. Click on “Girder X&Y control” to get to the cam movers’ control GUI. Click “Calibrate motors”. Click “Individual motors”. A new GUI will pop-up. Set 0 into boxes for each motor and press “Enter”. The motors will start moving. Do it for all 5 motors and return to “Girder X&Y control” GUI, click “Calibrate motors”. The boxes for each motor should read very small angles (~0.1° or less). If not, repeat the motors’ zeroing. Exit all GUIs.

· Power OFF the controller. Disconnect the network cable.

Call Harman to disconnect the control system. Power off and disconnect the load cells.
· Install all protective covers. 

No protective covers to be installed for the next move. Cover the Kugler granite with plastic.
· The undulator is ready to move. 

Sign and data this traveler. Pass the undulator folder to CMM operator.
	Technician (initials) / date:
	


URL for data:

	V:\MET\MagServe\MagData\LCLS-II\Undulator\HXU_011 \DATASET0001 \Final Results\


	Undulator tuning completed (signed):
	


Appendix.

Turning the Kugler bench ON and initialization.
Make sure the Kugler7500 vacuum pump is ON (there is a label on the vacuum pump). Rotate the red level clockwise at 90°. The bench controls will start the initialization process. Wait until the blue light is off, then press the “Controls On” button. The red light should go away.

Skip the next paragraph in {} brackets if the red light is OFF!!! 
{To make the Red light OFF on the control cabinet do the following: Check limit switches on the long coil stages (4 limit switches). All limit switches must be activated. If they are not, check if stages are in the “park” position away from the Hall probe pass (vertical stages are up from the center by ~75mm, the horizontal stages are moved in +x-direction by ~120mm from the center). If stages look fine, adjust the limit switches to make them all activated. If limit switches were adjusted, extra steps to prevent the damage of the system to be done, as following. Start PEwin32 program. In an input box type “enaPLC10”, then “enaPLC5”, then “q90=1” (press “Enter” after every input). It will release the brakes on the z-stage. The stage could be moved by hand now and the cable tray should follow. (Warning! The stage could start moving by itself after the z-brake was released. Be careful and quick!). Go and grab the z-stage granite to prevent it from moving too far by itself. Move the stage slowly in z-direction to check if there is a clearance (~ 1”) between the probe holder and the stages. Return the carriage into home position (Hall probe is inside the US zero Gauss chamber), quickly go to the computer and type “q90=0” to apply the z-brake).}
Start “Umac” program in “Administrator” mode, click “OK” on a pop-up and wait until the bench initialization finished. Exit the program.

Install long coil

Turn On the XPS controller. It takes ~ 1 minute for the controller initialization. Start C:\CVI\XPS\XPS_dbg.exe program. Upon initialization, the stages will move into initial “zero” position. Click “Coil installation” button to move the vertical stages up for the coil installation. Also, open gap to 100 mm.  

Pick up the coil with the crane with the use of the spreader bar and short straps. Lower the coil down close to the pins on the supporting brackets. Stop ~ 1’’ away from the pins. Put by hand the US end on the pin first and keep it on the pin, lower the DS end on the pin by crane. This way the risk of damaging positioning blades is reduced. 

Attach two return wire brackets to the top of the strongback, aisle side. Disconnect the u-channel with return wires from the coil I-beam and attach it to the brackets by 2 screws. Connect the coil to the integrator cable (limo connector). 

Move the vertical stage into zero position using XPS program by clicking “move_abs”. Exit XPS program.

Take the coil OFF

To remove the coil, follow the steps:

· Exit the Ufint program.

· Disconnect the integrator cable.

· Disconnect the return wire u-channel from two brackets on the aisle strongback, lift the channel up and fix it on the coil G-10 I beam by 4 screws. The brackets could stay on the strongback. 
· Turn the XPS controller ON, wait ~1 minute for the initialization, start XPS program.

· Click “Coil installation”. The coil will move up out of the gap.

· Open the gap to 100mm using the Gap Control GUI.

· Attach the coil to the spreader bar, lift the coil with the crane and put it on the brackets for storage.

· Click “Park” on XPS GUI. The stages will move more up and in +x direction away from the Hall probe pass.

· Exit XPS.

Tuning

Information about shim strength vs gap can be found in the shim signature file “tuning_signature_summary”.
The tuning strategy for each field component depends on both first and second field integrals. If the second integral is in tolerance but the first integral to be tuned, the tuning should be done at DS end. If both first and second integrals to be tuned, the shimming should be done at US end or in the core of the undulator (if there is a kick visible on the trajectory plot; y-trajectory is for the Bx integrals and x-trajectory is for the By integrals). The shimming should be done by a pole motion or by installing small magnets into appropriate holes on the magnet keepers. The choice of a shim to use is defined by the field integral vs gap curve. The main principle is: if an integral at a smaller gap is much bigger in absolute value than at a bigger gap (let say 100 G-cm at 7.5mm gap and 20 G-cm at 20mm gap) the pole motion should be used for tuning. If it is wise versa for field integrals or the integrals are equal but offset from zero, magnetic slugs to be used for tuning. 

The number of slugs installed into a single hole could be reduced from the numbers in the “tuning_signature_summary” file but there is a limitation on a minimum number of slugs to install.  The issue is that the slugs are installed inside special threaded holes in a magnet keeper. A 3mm Allen wrench is used to install the slugs. First, a set screw with a hole in the center is installed on the wrench, then a stack of slugs. The slugs are attracted to the wrench by magnetic force. The assembly then inserted into the hole. By rotating the set screw by the wrench, the screw pushes the slug stack inside the hole until it touches the pole surface and fixes it in position. There is a gap between the pole surface and the magnet keeper (the threaded hole in the keeper does not reach the pole surface). If the height of the slug stack is lower than the gap, there is a possibility that during the installation the slugs will disconnect from the wrench, flip over in the gap and stick to the wrong pole. There is no way to remove them afterwards to fix the issue. So, the minimum amount is 2 big slugs or 3 small slugs to be installed in a single hole.

The table below shows an effect of a pole motion on field integrals.

Even poles make negative Bx field, Odd poles make positive Bx field. 

“+” means a pole moved toward the gap center, 

“-“  means a pole moved away from the center

	Shim type
	Aisle
	Wall
	Comment

	
	Top
	Bottom
	Top
	Bottom
	

	Even Pole Motion
	+
	+
	+
	+
	- ΔBx

	Odd Pole Motion
	+
	+
	+
	+
	+ΔBx

	Even Pole Motion
	-
	-
	-
	-
	+ΔBx

	Odd Pole Motion
	-
	-
	-
	-
	-ΔBx

	Even Pole Motion
	+
	-
	-
	+
	-ΔBy

	Odd Pole Motion
	+
	-
	-
	+
	+ΔBy

	Even Pole Motion
	-
	+
	+
	-
	+ΔBy

	Odd Pole Motion
	-
	+
	+
	-
	-ΔBy
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