	           EMMA    
	                                                                  November 2, 2011



EMMA Scripting, The Basics
Dana Walbridge
[bookmark: _GoBack]
1. Introduction

This document basically shows what CHISOX does for the three basic types of measurements (harmonics, flatcoil, and pointscan), and offers some additional functionality that would improve doing measurements in the future.  The scripting examples shown here are not actual scripts, but demonstrate what EMMA scripts will (or may) need to do.  It is hoped that the design of the system will allow for only a handful of actual scripts to be able to do the majority of measurements.  It is expected that changes in measurements will be implemented in parameter and configuration sets.

The examples shown in this note include both examples from CHISOX, or the basic sequences done in checklists for harmonics, flatcoil, and pointscan measurements as well as possible sequences and enhancements for the new measurement system.


2. Basic Measurements

Each script, after getting configuration and setup information, will do the following as shown in these definitions.

Typical Harmonics Measurement:

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  for each coil configuration
    measure current (x 1 or many)
    measure waveform signal (flux, voltage)
    measure other stuff if needed
      (temperatures, coil voltages, flow rates, pressures, etc.)
  end coil configurations setup
end currents loop

Note that one of the coil configurations will be a reference run which is used to give magnet strength, and to which any higher order harmonics, if needed, are compared.  For CHISOX measurements, the reference run is done before looping through the harmonics configurations.  I.e.:

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  measure current (x 1 or many)
  measure reference run signal
  measure other stuff if needed
  loop through harmonics configurations
    measure current
    measure harmonic signal
    measure other stuff if needed
  end harmonics configurations loop
end currents loop

Also note that CHISOX does one coil configuration at a time.  If the hardware allows for it, it could happen that all of the coil configurations could be selected and measured simultaneously, so that the measurement steps could look like:

for i = 1 to n (usually 3)
  loop through hyseresis currents (if required, they usually are)
end for loop
loop through currents
  measure current (1 or more)
  measure all signals
  measure other stuff if needed
end currents loop

If there are multiple coils on the magnet that need to be powered simultaneously, there will most likely be nested current loops.

for i = 1 to n (usually 3)
loop through hysteresis currents (may or may not include all       coils on the magnet)
end for loop
loop through main power supply currents
  loop through trim power supply currents
    for each coil configuration
      measure main power supply current (1 or more)
      measure trim power supply current (1 or more)
      measure probe signal or signals
      measure other stuff if needed
    end coil configuration loop(s)
  end trim power supply currents loop
end main power supply currents loop

In this case, the order of main to trim currents may be reversed, and there may also be magnets with more than two coils, so the order of nesting may go deeper than what is shown here.

There are also some studies, particularly hysteresis studies, where multiple current ramps are defined, but they happen sequentially instead of nested.  However, in cases like this it may be possible to break the test up in to more than one or to have more complex and lengthy current profiles.

There are some checklists that measure current twice, before and after the daq measurement.  If the hardware allows multiple channels, then the current could be tested simultaneously to the daq measurement, so that the measure power supply current and measure probe signal steps could be combined.  This could also include the measurements of the "other stuff" shown in these examples.

Typical flatcoil type measurements

Excitation measurement:

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  measure current (1 or more)
  measure flux change (1 or more)
  measure other stuff if needed
end currents loop

Shape or scan measurement:

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  for I = 1 to n (in checklists, n is usually 2)
    loop through x position (where x position includes forward                       and backwards motion)
      measure current (1 or more)
      measure flux change (1 or more)
      measure other stuff if needed
    end x position loop
   end for loop
end currents loop

Note that in CHISOX checklists the x position is split in to positive motion and negative motion.  For example:

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  for i = 1 to n (whatever n is, usually 2)
    loop through x position x min to x max
      measure current (1 or more)
      measure flux change (1 or more)
      measure other stuff if needed
    end x position x min to x max loop
    loop through x position x max to x min
      measure current (1 or more)
      measure flux change (1 or more)
      measure other stuff if needed
    end x position x max to x min loop
  end for loop
end currents loop

I don't know that it really needs to be done this way.  In checklists, there is a record raw run statement between the two motion directions.  If some equivalent command is not needed then the first example for shape measurements should suffice.


Pointscan measurements

Excitation:

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  measure current (1 or more)
  measure y field (or z or x field)
  measure other stuff if needed
end currents loop

3D Excitation:

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  measure current (1 or more)
  measure y field
  measure x field
  measure z field
  measure other stuff if needed
end currents loop

Pointscan scan in one direction:

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  loop through z position (could also be x or y, but usually z)
    measure z position
    measure current (1 or more)
    measure field value(s) (y, z, x, or all 3)
    measure other stuff if needed
  end z position loop
end currents loop

Pointscan in two directions:

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  loop through z position (could also be x or y, but usually z)
    measure z position
    loop through x position (or y, but usually x)
      measure x position
      measure current (1 or more)
      measure field value(s) (y, z, x, or all 3)
      measure other stuff if needed
    end x position loop
  end z position loop
end currents loop

Note that the order of the nested position loops could be the opposite of what is shown above.

Pointscan in three directions:

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  loop through z position (could also be x or y, but usually z)
    measure z position
    loop through x position
      measure x position
      loop through y position
        measure y position
        measure current (1 or more)
        measure field value(s) (y, z, x, or all 3)
        measure other stuff if needed
      end y position loop
    end x position loop
  end z position loop
end currents loop

Again, note that the order of these nested loops could be different than what is shown here, depending on what the measurement requires.  Also note that the actual measurements of the positions could all be in the inner loop if that is preferable.

CHISOX can define the positions for a measurement either by specifying a range, (beginning and ending values with an increment (or decrement)), or by specifying the exact values in a table.  One of the deficiencies of CHISOX is that, aside from hardcoding the values in the checklist (making the checklist much longer than normal), position settings can only occur in nested loops for multiple directions.  This means that for some measurements, such as points on a circle of some radius, one needs to calculate the x and y coordinates for each point on that circle and either hard code each one in the checklist, or use the nested loops, which will measure at points on a grid.  This is many more points than what was requested, and can cause problems at the corners of the grid where there may be geometrical and mechanical constraints such as bumping in to the magnet.  I would like to see the new measurement system also implement the use of a polar coordinate system so that the points on a circle can be specified by a radius and an angle.  I would also like to see the new system implement the capability that within one loop a set of coordinate (such as x,z) be specified, and that the motion goes from x1,z1 to x2,z2 in one motion, not the z motion, then z motion like CHISOX does.

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  loop through r,theta points
    measure x,y (or r,theta)
    measure current (1 or more)
    measure y field
    measure other stuff if needed
  end r,theta loop
end currents loop

More likely, the measurement steps would look like this:

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  loop through r
    loop through theta
      measure x,y (or r,theta)
      measure current (1 or more)
      measure field value or values
      measure other stuff if needed
    end theta loop
  end r loop
end currents loop

The following example is for any coordinate pairs, and could be used instead of the r,theta examples listed above.  In this case, the points on the circle would be specified in x,y coordinates.  An advantage to this approach is that it would allow any set of coordinate pairs to use, so it would not be limited to circles.

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  loop through x,z pairs
    measure x
    measure z
    measure current (1 or more)
    measure y field
    measure other stuff if needed
  end x,z pairs loop
end currents loop

The use of coordinate pairs, where the probe motion would be in a straight line connecting the starting and ending positions, could actually be used instead of the polar coordinate example listed above.  However, it would be slightly more work to set up as the coordinates themselves would need to be calculated ahead of time and put in to the configuration set as a table or array.  If polar coordinates are implemented, the program could calculate the x and y positions during the measurement.

Although it is unlikely that this would be needed, the coordinate pair example could be extended to points in 3D space or coordinates in x, y and z.

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  loop through x,y,z coordinate points
    measure x
    measure y
    measure z
    measure current (1 or more)
    measure field value (or values)
    measure other stuff if needed
  end x,y,z points loop
end currents loop

What would be more likely for motion in all three directions is the following.

for i = 1 to n (usually 3)
  loop through hysteresis currents (if required, usually are)
end for loop
loop through currents
  loop through z
    loop through x,y pairs
      measure x
      measure y
      measure z
      measure current (1 or more)
      measure field value (or values)
      measure other stuff if needed
    end x,y pairs loop
  end z loop
end currents loop

Another addition to the new system that CHISOX does not do would be to execute loops that move through a function instead of a range or table.  There might be cases where a function is preferable for setting current or positioning the probe.  With currents, one could use a function to define a degaussing ramp, or some periodic ramp profile.

It might also be useful to provide within the scrip a way to do a repeating loop, which would only be ended after some large number of cycles, or when the operator indicates that the measurement is done.

Looping through other parameters

Looking through CHISOX loop statements revealed that nearly all measurement loops were counters, looping over currents, or looping over positions.  There were some others defined but not used.  One exception to this was to loop through wire tension for single stretched wire measurements.  SSW measurements were never fully implemented in CHISOX, so it is doubtful that it was ever used in real measurements.  However, it may be possible that adjusting this or other parameters may be required for the new measurement system.



One other possible example is using a rotating coil for an AC test, where a measurement is done at different angular positions of the probe.  This would still be looping through positions, but instead of being positions in x, y, or z, the probe would be set to different angles.

We would need to check with those specifying measurements whether they know of other types of parameters that would need to be adjusted within loops.

With CHISOX, we know that checklists have looped through currents for one or two power supplies, have looped through x, y, and/or z positions for the probe, and looped through wire tension for stretched wire measurements.  And we know that there may be other parameters in which the scripts are required to loop.  Listed below are known and proposed loop parameters along with the type of loop (table, range, etc.).  We need to decide if there are other loop parameters which will be required, and what type? (Purple is what CHISOX does, red is what is proposed so far).

· Current
· Table
· Range
· Function
· X position
· Table
· Range
· Function
· Y position
· Table
· Range
· Function
· Z position
· Table
· Range
· Function
· Wire Tension
· Table
· Range
· Angular position
· Table
· Range
· Radius
· Table
· Range
· Coordinate pairs, triplets for positions in X and Y, X and Z, Y and Z, or X, Y, and Z
· table
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