Configuration and Calibration:
Edited May 30,2023 cp
Once the elevator has been installed onto the core, the main positions must be calibrated with a carousel in place.  

1.) Set the value of “down” (alias :lowerlimit, :retract)
a. Coast the carousel and manually rotate to an open slot so that the elevator can travel unobstructed.
i. > SC.coast
b. Coast the elevator and verify that it can be moved in and out of the carousel slot without any collisions.
i. > SE.coast
1) Manually move the elevator into and out of the elevator slot.
c. Home the elevator to reset the encoder position and coast again.
i. > SE.home.to :home
ii. > SE.coast
d. Push the elevator to its lowest point and then nudge up slightly so that it isn’t resting on the home sensor.  Hold this position and query the system for the down position.
i. > SE.status		# get encoder value from the :position term
1) Enter this value into the configure file and reboot
e. Verify that the new value can be held without excess current and that the elevator doesn’t rest on the home sensor.  Keep carousel in position for this test.
i. > SE.home.to :home		# reset home position
ii. > SE.down			# place SE in down position
iii. > SE.status			# get status information on SE
1) Verify that the holding current is less than 10 mA.  Note current position.
iv. > SE.coast
1) The elevator should be able to move down slightly.
v. > SE.status
1) Check position compared to previous reading. It should read as a slightly larger number after this small movement.

2.) Set the value for seBottom
a. Coast the carousel and manually rotate so that the end of one of the tie-rods is directly above the elevator in its down position.
b. Coast the elevator and push it up so that it touches the bottom of the carousel tie rod bolts.
i. > SE.coast
c. Hold this position and query the system for the current position.
i. > SE.status
1) Add 60 counts to this value (elevator error) and enter this new value as seBottom in the configure file and reboot.
d. Verify that this value will provide clearance for the carousel during rotation.  First manually move the carousel to an empty slot so that the elevator can be re-homed.
i. > SC.coast
ii. > SE.home.to :home
iii. > SE.down
iv. > SE.bottom
e. With the elevator now parked at the bottom position, rotate the carousel and observe that the bottom bolts do not hit the elevator pad.
i. If there is a collision, add another 10 counts to the seBottom value, reboot and try again.

3.) Set the value for :upperlimit (alias “up”)
a. Coast the carousel and the elevator and rotate the carousel to an empty tube.
i. > SC.coast
ii. > SE.coast
b. With no pucks in the tube manually run the elevator to the top of its travel in the tube slot and hold position.
i. > SE.status
1) Add 10 counts to this value and enter the new value as :upperlimit in the configure file and reboot.
c. Keep the carousel in place, re-home the elevator and send it to the upper limit position.
i. > SE.home.to :home
ii. > SE.upperlimit
1) The elevator should be able to park at this position without generating an overcurrent error.  If it does, add 10 counts to the value and try again.

4.) Set the value for seTop
a. Verify that the carousel is positioned at an empty tube and that the slot is lined up with the elevator arm to provide unobstructed travel to the top of the carousel.
i. > SE.top		# sends the elevator to the top position
1) seTop should place the elevator plunger exactly flush with the main plate of the ESP.  This can be checked by placing a straight edge or small ruler across the active carousel tube.  There should be no gap between the ruler and the top of the plunger and the ruler should touch the top of the carousel tube on both sides.
b. If necessary make small adjustments using jog commands until the elevator is flush with the top plate.
i. > SE.jog -20		# raises the elevator by 20 counts
ii. or > SE.jog 20		# lowers the elevator by 20 counts
c. When the correct position is achieved, query the system to get the position.
i. > SE.status
1) Enter this value into the configure file and reboot.
d. Keep the carousel in place, re-home the elevator and send it to the top position.
i. > SE.home.to :home
ii. > SE.top
1) The elevator should return to the position that was just set, check with a ruler to verify.
2) *Note: it is very important to set this value correctly before continuing calibration.  All other positions will reference or be built on this value, so getting the best result possible is ciritical.

5.) Set the value for :place
a. *Note: the next few positions will require calculations based on a nominal puck height sePuck, so this value should be established before moving forward.  To date, the best value seems to be (0.615*seInch).
b. :place is used to position the elevator when there is no puck present.  This position should put the plunger just below the top plate (~ 1/20th of an inch).  A good visual queue is that the top edge of the plunger should sit at about where the inner chamfer of the carousel tube starts.
i. > SE.place		# raises the empty elevator to the place position
c. If necessary make small adjustments using jog commands until the elevator is in position.
i. > SE.jog -20		# raises the elevator by 20 counts
ii. or > SE.jog 20		# lowers the elevator by 20 counts
d. When the correct position is achieved, query the system to get the position.
i. > SE.status,position # record position _____________
ii. >SE #record n.nn Pucks below top plate ___________
1) Storage Elevator at n.nn Pucks below Top Plate
e. The format for :place is “(seTop+n.nn*sePuck)” so the n must be calculated from the encoder value just measured.
i. n = (measured :place value – seTop) / sePuck
1) Example: If the correct position for :place was recorded to be -29200, and seTop had been set to -29400 with sePuck being 0.615*seInch and seInch being 2054, then:
2) n = (-29200 – (-29400)) / (0.615*2054), then n=0.19
ii. Alternative:  use the value of n.nn pucks returned from SE.
iii. Enter this value for n into the configure file and reboot.
f. Keep the carousel in place, re-home the elevator and send it to the :place position.
i. > SE.home.to :home
ii. > SE.place
g. Verify that the calculation was correct by getting the raw position and compare it to the raw measured value.  The values should be within a few counts of each other if done correctly.
i. > SE.status.position
ii. >SE 

6.) Set value for :SEbeamHeight
a. First select a puck for calibrating positions that is close to the average or nominal puck height of .615 +/- .0005. (sePuck)
b. Lower the elevator and load this puck into an empty tube.
i. > access 1	# allows user access to tube 1
ii. > to 1		# locates the carousel to work with tube 1
c. Now count the puck(s) in tube 1 to derive the beam height.
i. > Puck.stackHeight(1)		# counts pucks in tube 1
d. The counting operation will return a value for complete pucks in tube 1.  To derive :SEbeamHeight, take the difference from a single puck (to three decimal places) and add (if count is short) or subtract (if count is over) from the default value.
i. Example:  If the count returns as .987 pucks in tube 1, then take 1.000 – 0.987 = .013 and add this value to the current number for :SEbeamHeight.
ii. Enter this into the configure file and reboot.
e. Rerun the puck count until the puck count is within +/- 0.0005 puck units.

7.) Set the value for SEplace.thresholdOffset
a. First select a puck for calibrating positions that is close to the average or nominal puck height of .615 +/- .0005. (sePuck)
b. Lower the elevator and load this puck into an empty tube.
i. > access 1	# allows user access to tube 1
ii. > to 1		# locates the carousel to work with tube 1
c. Raise the puck to the place position.
i. > Puck.raiseStack :place, SEplace
1) This should place the top of the puck at about the same place as the previousas the place position (step 5.) procedure, that is, about level with the start of the internal chamfer of the carousel tube.
ii. > SE.status.position #record position ____________
1) The value returned is the raw position of the elevator to place a single (known height) puck at the place position.  The target is to match this height with that the place position already set for a tube with no pucks (5di).
d. To calculate the target value; :newplace = :place + (sePuck)
i. Example using above values: :newplace = -29200 + (.615 * 2054) = -27936
e. To calculate adjustment: (current position - :newplace) / seInch
1) Example using above values: (-27500  - (-27936)) / 2054 = 0.21
a) Because this value is positive, it means that the puck is higher than it should be so this adjustment value is added to the current value of SEplace.thresholdOffset which is currently in the format of n.nn*seInch
i) So in this care the adjustment would be (n.nn + 0.21)*seInch
f. Make the adjustment in the configure file and reboot.
g. Repeat the command to send the puck to the :place position and see that it matches the target (target being :newplace calculated above).
i. > Puck.raiseStack :place, SEplace
ii. > SE.status

8.) Set the value for SEpick.thresholdOffset
a. First select a puck for calibrating positions that is close to the average or nominal puck height of .615 +/- .0005. (sePuck)
b. Lower the elevator and load this puck into an empty tube.
i. > access 1	# allows user access to tube 1
ii. > to 1		# locates the carousel to work with tube 1
c. Raise the puck to the pick position.
i. > Puck.raiseStack :pick, SEpick
1) This should place the top of the puck well above the top plate such that the gripper fingers will engage the puck at the approximate center of the groove
ii. > SE.status
1) Record the initial position as the starting point.
d. Visually using the grippers as a guide (the hand can be closed as well if that is helpful), make small adjustments until the puck sits where the fingers will engage the center of the groove.
i. > SE.jog -10		# raises the elevator by 10 counts
ii. or > SE.jog 10		# lowers the elevator by 10 counts
e. When the position looks good record the encoder value as the raw target.
i. > SE.status.position #record position____________________
1) The value returned is the raw position of the elevator to place a single (known height) puck at the pick position.  
f. To calculate the adjustment value; adjustment = initial pick position – adjusted pick position
i. Example using above values: adjustment = -29600 – (-29790) = -436
a) Because this value is negative, it means that the puck is higher than it should be so this adjustment value is subtracted from the current value of SEpick.thresholdOffset
g. Make the adjustment in the configure file and reboot.
h. Repeat the command to send the puck to the :pick position and see that it still looks appropriately positioned about the gripper fingers.
i. > Puck.raiseStack :pick, SEpick
ii. > SE.status

9.) Set the value for :pick (leave the puck in until step c)
a. :pick is used to position the elevator when there is no puck present.  This position should put the plunger above the top plate to the same raw position that was derived in the previous procedure.
b. The format for :pick is “(seTop-n.nn*sePuck)” so the n must be calculated from the encoder value just measured (adjusted position from step 8-e).
i. n = (seTop – adjusted pick position) / sePuck
1) Example: If the correct position for :pick was recorded to be -29790, and seTop had been set to -29400 with sePuck being 0.615*seInch and seInch being 2054, then:
2) n = (-29400 – (-29790)) / (0.615*2054), then n=0.30
ii. Alternative:  >SE 
1) #returns Storage Elevator at -x.xx Pucks below Top Plate
2) Enter the n.nn pucks number in configure.rb file
iii. Enter this value for n into the configure file and reboot.
c. Rotate the carousel to an empty tube, re-home the elevator and send it to the :pick position.
i. > SE.home.to :home
ii. > SE.pick
d. Verify that the calculation was correct by getting the raw position and compare it to the raw measured value.  The values should be within a few counts of each other if done correctly.
i. > SE.status

10.) Set the value for SEsealOffset
a. *Note: This procedure requires that the Manipulator and Processing clamp have at least had preliminary calibrations performed as the PC must be loaded and then passed back to the puck stack to simulate imaging.  DO NOT PERFORM THIS STEP IF NOT READY.  This could damage the PC nozzle if not aligned correctly.
b. First select a puck for calibrating positions that is close to the average or nominal puck height of .615 +/- .0005. (sePuck)
c. Lower the elevator and load this puck into an empty tube.
i. > access 1	# allows user access to tube 1
ii. > to 1		# locates the carousel to work with tube 1
d. Load the puck into the Processing clamp to preapre for imaging.
i. > PC.loadPuck :test, 1	# temporarily names the puck “test” and loads it from tube 1
e. Now return the puck to the active tube and raise it into position for imaging.
i. > PC.imagePuck 1		# raises the puck using tube 1
1) The optimal position of the puck is such that the upper camera spring should compress not more than 1/3 to 1/2 of its full travel.
ii. > SE.status
1) Record the initial position as the starting point.
f. Make small adjustments until the puck compresses the upper camera spring to about 1/3 to 1/2 of its full travel.  If adjustments are made too aggressively, the elevator will generate an overcurrent error and the process must be started again.
i. > SE.jog -10		# raises the elevator by 10 counts
ii. or > SE.jog 10		# lowers the elevator by 10 counts
g. *Note:  Be careful not to hold the elevator in position and compressing the spring for much longer than 15 to 20 minutes at a time.  The holding current will generate enough heat to fry the motor if exceeding this time limit.
h. When the correct compression of the spring is set, record the new position (adjusted).
i. > SE.status
i. The format for SEsealOffset is nnn+(0.52*seInch) where nnn are raw encoder counts.
i. To calculate the new adjustment:  adjustment = initial position – adjusted position
ii. Adjust current value of nnn by the value just calculated. If negative, subtract. If positive, add to current value of nnn.
j. Repeat steps d and e to check the new values and appropriate camera seal compression.
k. If this test completes successfully then it should be verified on a multiple puck stack that the camera seal appears to be compressed equally.

