Procedure for Cleaning the Rho Encoder tape
George Damm
September 30, 2005
1. Purpose

This procedure serves to document the work done to clean the rho encoder tape that occurred on September 27, 2005.  The cleaning was motivated by the discovery of large amounts of dust and what appeared to be stains due to condensation on the encoder tape surface.  The visual inspection was motivated by the discovery of a velocity perturbation that occurred as rho moved through ~+55°.  Documentation will also be provided to record the work done to electrically characterize both the rho encoder and the velocity of the rho stage.
2. Scope

This document is limited to the disassembly of the rho tape ‘kick guard’ and the cleaning of the tape.  Electrical characterization of the system both before and after the cleaning are presented to demonstrate the results of the cleaning.
3. Applicable Documents

Rho Stage Encoder Tape Replacement, February 6, 2003, George Damm

Adapter 19 Test Connector Description, March 1998, Heidenhain Corporation

4. Required Equipment/Personnel
- pry bar
- 5/16 “ ball end Allen tool

- 9/16” gear wrench
- spray or squeeze bottle of D.I. Water

- squeeze bottle of ethanol

- shop cloth to collect excess water and ethanol

- optical cloth for wiping the encoder tape (Technicloth Wipers, TX609)
- oscilloscope
-Adaptor 19 connector probe
-Tektronix differential voltage probe.

- 2 people required for measurements, one to control the oscilloscope at the back of the igloo under the structure and one to drive the rho stage 
-3 people required for cleaning, two to work on the rho stage in the JLG basket and 1 to drive the rho stage as directed by JLG personnel

5. Procedure

The procedure will consist of 1) electrical characterization of both the rho encoder and of the rho motor/amplifier; 2) Disassembly of the rho ‘kick plate’ and cleaning of the rho encoder; 3) final electrical characterization.
5.1. Initial Electrical Characterization of Rho Encoder

5.1.1. Measurement of Rho Rotational Velocity

A quick method to determine the ‘health’ of the rho encoder is to command a rho rotation from the negative software azimuth limit (-114°) to the positive software azimuth limit (+90°).  During this motion the rotational velocity of the stage is monitored.  The rho motor amplifier provides a voltage output that indicates motor velocity.   A rho encoder in ‘good health’ will show a constant voltage or velocity, while one in ‘bad health’ will show voltage or velocity perturbations.  The points at which these perturbations exist indicate the point on the encoder where the problems exist.  This technique assumes that the other components in the system are operating properly.
Using an oscilloscope, record the rho rotation al velocity by measuring across the ‘vel’ and ‘agnd’ pins on the back of the Dynaserv rho motor driver.  The result of motion from between -114° and +90° are shown below in Figure 1.
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Figure 1.  Plot of Rho velocity vs. azimuth prior to cleaning.
Instead of ‘agnd’, the ‘vel’ measurement was mistakenly measured against the ‘torq’ output.  ‘Agnd’ and ‘torq’ pins are adjacent to one another on the back of the Dynaserv amplifier.  This is the reason that the plot in Figure 1 does not show a constant velocity.  However it does show perturbations at ~+55° and +70°.  This measurement will be repeated later to show the effect of cleaning.  The time scale for this plot was converted to azimuth by assuming constant velocity over the range of motion.
5.1.2. Measurement of Rho Encoder

Using an oscilloscope, record the output of the encoder to measure both quadrature and index signals.  This accomplished by plugging a connector into the ‘Adaptor 19’ port.  Pin 2 of this connector serves as the ground for the measurements.  Since this voltage level is +2.5V, it is important to either use a differential probe or to ‘float’ the oscilloscope by not connected the oscilloscope’s system electrical ground into the power ground.  Pin 6 is the 0° sine wave signal.  Pin 7 is the 90° sine wave signal.  Pin 4 is the reference mark signal.  For our purposes, only pin 6 of the quadrature signals is used.
[image: image2.jpg]



Figure 2.  For reference, the rho encoder tape is shown mounted to the rho stage.  The quadrature marks are located in the ‘gold’ area horizontally on the tape.  The index mark are seen as vertical gold lines in the matte grey area located both above and below the quadrature marks.
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Figure 3. Plot of the encoder index marks prior to cleaning.

Figure 3 above shows a plot of the encoder index marks as the rho stage moves from -114° to +90°, both software limit extremes.  An ideal plot would show a baseline signal of 0.2 volts with negative going edges of ~0.3 V occurring at each index mark.  At each point that this signal crosses the 0 voltage level, the system interprets this as an index mark.  It is clear that this signal will result in many spurious index marks due to the degraded baseline voltage.  Some index marks may also be missing due to the baseline being below the 0 voltage level.
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Figure 4. Plot of the 0° sine wave signal prior to cleaning.

Figure 4 above shows a plot of the encoder 0° sine wave signal as the rho stage moves from -114° to +90°, both software limit extremes.  In order to meet Heidenhain’s specifications, the signal should be a minimum of 1.9 V peak to peak.  This is not the case for many areas of the tape.

[image: image5.emf]0° Quadarture Signal vs Rho Velocity, Prior to Cleaning
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Figure 5.  Plot of the rho stage velocity vs. the encoder 0°sine signal with time scale expanded at the point of velocity perturbations.

Figure 5 above shows the degradation of the encoder 0° sine signal at ~55° in azimuth that shows a velocity perturbation.  There was no major index mark degradation at these same points.

5.2. Cleaning the Rho Encoder
5.2.1. Removing the Kick plate
[image: image6.wmf]
Figure 6.  Schematic showing the rotating rho stage with the rho encoder tape mounted to it.  The fixed rho platform supports the L-bracket kick plate that serves to protect the encoder.

In order to clean the rho encoder, a protective L-bracket -‘kick plate’ must be removed.  This plate does not provide a clean environment for the encoder tape.  Its purpose is to prevent accidental contact when personnel are working on the tracker.  As seen in Figure 6 above, the kick plate is bolted to the fixed rho platform.  The rho tape is mounted to the rotating rho stage.  The encoder read head is also bolted to the fixed rho platform.

[image: image7.wmf]
Figure 7. Schematic showing the rotating rho ring at 0° rotation (cross hatched section towards center of structure), it’s orientation on the tracker, angles through which it turns and the locations of the various protective kick plates.
In order to clean the entire length of the encoder tape that passes under the read head, the tape must be exposed and cleaned at two different points around the rho ring.  With the structure turned to 155° in azimuth (per structure computer’s frame of reference), the right side of the rho ring (looking down on Figure 7) can be accessed by the man lift.  Kick plates #4 and #5 can be removed.  The rho stage can be rotated from 0° through -114° in order to expose the tape from +90° to ~-50° to the open areas under these kick plates.  

The other side of the encoder tape can be accessed by turning the structure to an azimuth of 325° per the structure computer.  This provides man lift access to the left side of the rho assembly per the drawing in Figure 7.  Kick plate #2 can be removed for access.  Moving the rho azimuth from between -55° and -114° will expose the tape for these same azimuths to the open area under kick plate #2.

5.2.2. Cleaning the Rho Encoder
Per Heidenhain, the encoder tape should be cleaned with ethanol and optical tissue using a vertical wiping motion.  One should not wipe horizontally along the tape.  The technique that we used is as follows: 
1) place towels between the rotating and non rotating portion of the rho stage to collect excess water and ethanol

2) using a spray bottle, sprits D.I. water on the encoder

3) follow the application of D.I. water with sprit zing of ethanol from a squeeze bottle in order to dry the water from the tape

4) using a piece of optical cloth, wetted with ethanol, drag the same in a vertical motion across the face of the encoder, being sure to clean both the upper and lower index mark areas as well as the central area containing the sine wave encoded position data.  Clean 2-3 inches of horizontally at a time;  always use a piece of fresh optical cloth when cleaning a new section of tape

Bolt holes every 15 degrees on the fixed rho platform provide a frame of reference so that the rho tape can be moved and the end of the cleaned tape can be located.  Light shined upon the tape at a grazing angle will also show which areas of the tape have been cleaned and which are dirty.

Right Side

The structure was rotated to azimuth 155° and the man lift brought up to the tracker.  The rho azimuth was 0°.  After removing kick plates #4 and #5, the encoder tape was cleaned from a position of ~+150° to +60° before motion of the rho stage was required.  The first section (150° to 90°) was outside of that used for normal motion (does not normally pass under the read head) and allowed us to practice our technique.  Once this area was cleaned, the rho stage was rotated in -30° steps and the dirty area of the tape that became exposed in the area of kick plate 5 was cleaned.  This method was continued until the rho stage was rotated to its -114° negative limit.  A note made as to the last position of the rho tape that was cleaned (10 index marks to the negative of the encoder tape butt joint that sits towards the top of the tracker).  At this time, the kick plates were replaced and the man lift brought back to the ground.
Left Side

The structure was rotated to azimuth 325° and the man lift brought up to the tracker.  The rho azimuth adjusted to bring the last cleaned area of the encoder to the upper range of that covered by kick plate #2 (-60°).  After removing kick plate #2, the encoder tape was cleaned from this point, all the way to the lower extent of kick plate 2.  The rho tape was then moved positive in 30° increments to expose all of the tape up to the negative limit of -114° into the open area under kick plate 2.  When this was finished, kick plate two was bolted back in place and the man lift brought to the ground.
5.2. Final Electrical Characterization of Rho Encoder

In the same manner that the rho encoder velocity and the rho encoder index and 0° sine wave output were measured initially, these measurements were repeated after the encoder cleaning.

[image: image8.emf] Rho Velocity vs Angular Position, Post Clean
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Figure 8.  Plot of Rho velocity vs. azimuth after cleaning.

Figure 8 shows the plot of rho velocity vs. azimuth after cleaning.  The velocity perturbations previously seen at ~+55° are gone.  There are other artifacts seen at ~+70° but I believe that this is the result of measuring velocity vs. torque vs. a true ground.  This ‘false’ plot of rho velocity is provide only as a comparison to the original plot of rho velocity.
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Figure 9.  A true plot of rho velocity vs. azimuth after cleaning

Figure 9 above shows a true plot of rho velocity vs. azimuth.  There is still a perturbation at ~+70° but it appears minor.
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Figure 10.  Plot of rho encoder index signal vs. time after cleaning.

Comparing Figure 10, index marks, prior to cleaning with Figure 3, index mark after cleaning shows how effective the encoder cleaning was.  The signal see in Figure 10 has a solid baseline at ~0.2 volts that does not drop below the 0 volt reference.  There still appears to be several index marks that are below 0.28 V in amplitude (Heidenhain’s minimum) but this is a much improved plot.
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Figure 11.  Plot of rho encoder 0° sine signal vs. time after cleaning.

Figure 11, 0° sine signal, post cleaning should be compared with Figure 4, 0° sine signal prior to cleaning.  There is a big post clean improvement.  The envelope that defines the sine wave amplitude is much less ragged.
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Figure 12.  Plot of rho stage velocity and 0° sine signal vs. time at point of previous velocity perturbations, ~+55° azimuth.

Figure 12, post cleaning, should be compared with Figure 5, prior to cleaning.  There are no velocity perturbations and the 0° sine envelope is much cleaner and more stable than in the previous plot.

Appendix A.  February 2007 Cleaning
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Figure A1.  Oscilloscope plot showing rho encoder index marks after initialization procedure resulted in failure to home.  Index marks from left to right show rotation of rho from -114° to +90°.
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Figure A2.  Oscilloscope plot showing rho encoder index marks after cleaning from +150° to -53°.  After this 1st cleaning, initialization procedure was able to home the rho axis.  Homing this encoder involves a search for 2 index marks with less than 50mm distance between them at ~+23° of rotation.  Plot shows that this area (~+1.5 divisions to right of center) was cleaned.
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Figure A3.  Oscilloscope plot showing rho encoder index marks after 2nd cleaning resulting in coverage of entire tape.  Index marks from left to right show rotation of rho from -114° to +90°.
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