TCS3 Conceptual Design


5. Encoder Replacement
5.1 DEC and RA Absolute Encoding.

The RA APE is located on the North Pier. It is located inside of a plate that covers the RA shaft. From the outside, the rotating parts of the shaft are not visible.
The Dec APE is located on the west. The APE is located behind an access plate. This place covers the DEC shaft.  The rotating parts of the shaft are not visible.
The APE has a resolution of 1/10 of an arc second.
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F1 - RA APE
F2 - DEC APE

5.2 RA and Dec incremental encoding.

The incremental encoders consist of a rubber roller pressed against the main axis gear. The RA is located on the south, in back of the main gear. The DEC encoder is located in the west, and access is from inside the yoke structure.

19.9028 counts per arc second. (from CAD drawing, current values are slightly different).

144000 counts per rotation.

Quadrature output. 

MCC maintains a 24 bit position counter
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F3 - RA Inc. Encoder
F4 - Dec Inc. Encoder

5.3 Dome encoder

The dome is encoded using a bar code label and a scanner. The scanner outputs is serial (RS-232?). The serial is converted into a parallel single using an embedded CPU board.
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F5 – Dome Scanner (side view)
F6- Dome scanner (back)

The barcode values range from 1 to 1800, giving the dome a resolution of 0.2 degrees.
5.4 TCS3 absolute and incremental encoding

TCS3 will install new absolute encoders. The present 0.1 arcseconds resolution would be sufficient resolution for the new abs encoders. The table below shows resolution at different bits counts: 23 bits (at ½ revolution) is equivalent to the current APE. 26 bits would give > 0.01 resolution. 
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32 4294967296 180 0.0002 7.31459E-10

28 268435456 180 0.0024 1.17033E-08

26 67108864 180 0.0097 4.68134E-08

24 16777216 180 0.0386 1.87254E-07

23 8388608 180 0.0772 3.74507E-07

22 4194304 180 0.1545 7.49014E-07


Requirements for absolute encoders:

Resolution:
For 0.1 arcsec, 23 bits at ½ revolutions. 


For 0.01 arcsec, 26 bits at ½ revolutions.


Pulse Rate:  
0.1 arcsec resolution:10 p/as *  1200 as/s = 12,000 p/s, or 12 kHz.



0.01 arcsec resolution: 100 p/as *  1200 as/s = 120,000 p/s, or 120 kHz.


Environment:
 -10 to 50 deg C.


Humidity:
100% Relative Humidity.

For incremental encoding, we would like to increase the resolution from the present 20 pulses/as to 100 pulses/as. Since the TCS3 computer may adjust the servo velocity based on positional error measured a 10 Hz, the increased resolution is highly desired.

At 100 p/as, the encoder would generate 129600000 counts per revolution on the main axis. This axis is limited to 180 degrees rotation, so a servo board with > 26 bits position register is needed.  

Requirements for Incremental encoders:

Resolution: 
0.01 arcseconds (100 pulses/arcsecond).


Pulse Rate: 
> 120 kHz   ( 100 p/as * 1200 as/sec = 120,000 p/s)


Environment:
-10 to 50 deg C.


Humidity:
100% Relative Humidity.

5.5 Options

General options:

1. Using the current APE and Incremental encoder. The APE resolution is acceptable. Using the current APE would require switching the output from the TCS1 to TCS3, or designing a parallel feed into the TCS3. It is desirable to increase the resolution of the incremental encoder. A similar incremental encoder can be installed (with 5x the resolution). However, the problem with this incremental encoder design is: Friction contact (rubble wheel) could lose pulses; and encoder ratio changes with time (wear).
2. In order to install new encoders, an APE and Inc encoder assembly needs to be manufactured. This assembly would consist of an ABS encoder, Inc encoder, and possible gearing components. Installation would require modification to either the APE or coude side of the current axis.
If installing at the current APE location, this new assembly would need to be installed along side the current APE. Once the TCS1 is decommissioned, the older APE equipment could be removed. 

If installing at the coude end, the optical path would be block. However, once the TCS1 is decommissioned, the new encoder assembly can be moved to the opposite of the axis, and the coude path restored.
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F7 – Dec (East)
F8 – coude Mirror Mount (East)
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F9 – Dec Axis (East)
F10 – RA Axis (South)
Figure 7, 8, 9 shows the Dec axis on the east side (coude feed). 
Figure 10 is the RA axis on the South (coude) feed.
4.6 Recommendations
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		bits		Max counts				Total Travel (deg)		resolution in AS		resolution in radians

		32		4294967296				180		0.0002		0.0000000007

		28		268435456				180		0.0024		0.0000000117

		26		67108864				180		0.0097		0.0000000468

		24		16777216				180		0.0386		0.0000001873

		23		8388608				180		0.0772		0.0000003745

		22		4194304				180		0.1545		0.000000749






