TCS3 Design


COMMENTS From J.Harwood

1.1 Overall goals of T3 project is to replace the following equipment:

· Forth Software and TCSD.
· TCS support daemons and application software in IRTF workstations as required.
1.2 Sky Coverage

Dec Range is -53:05  to +62:07  (deg:min)

TCS software is: -59:00:00 to +69:56:00 (accommodates an important IR object)
HA Range is  -05:04 to + 05:04 (hr:min)

TCS software is: +/- 5:04:47

1.3 Pointing Accuracy

Slew to any point to +- 10 arc sec (within a cone of 60 degrees from zenith).

Delete. This is manual mode in the old system.

1.4 Tracking 

+- 2 arc sec per hour accuracy within ( a core of 0.5 hrs from zenith).

Nothing in the old spec refers to the small area of only ½ hr from the zenith. Delete.

Short term (10 mins) RMS error of +- 0.1 (within a cone of 60 degrees from zenith).

Maximum allowed speed is 400 arc sec/sec.

Maximum acceleration is 400 arcsec/sec2.

I will verify this acceleration number after access to documentation at IfA.

Non-Sidereal (Base) rate limited to <= +- 100 arcsec/sec.

There is no limitation in the old TCS to a particular base rate and there should be none in the new system. The base position can be moved at the maximum tracking rate, if desired. Why not?

1.5 Offsetting and Scanning

Accuracy of <= 1 arc sec for offset less that 1 degree.

For a 10 arcsec move: Total Time = 1 sec, Damping Time = 0.5 sec.

For a 2 arcmin move: Total Time = 2.5 sec, Damping Time = 0.5 sec.

The move rate specification above is less than 50 arcsec/sec. The current TCS does these moves routinely in up to 400 arcsec/sec. See Ev Irwin or Peter Onaka for the current hardware-set damping constants. Software does not provide damping. Software does, however, provide feed-forward support. I can give you a separate report on feed-forward if you want.

Individual offset limit are +-600 arc sec (10 minutes).

There is no TCS software limit on offset displacement distance, nor should there be. There is no reason for such a limit.

Scan rate +- 100 arcsec/sec.

There is no reason to arbitrarily limit the scan rate to anything less than the maximum track rate, 400 arcsec/sec.

1.6 Slewing

Maximum speed is 1200 arcsec/ sec 2 deg/sec declination, 1.2 deg/sec hour angle.
This is set by hardware, as is the acceleration (below).

Maximum acceleration is 1200 arcsec/sec2.

I will verify acceleration after locating documentation at IfA Manoa.

Slew speeds enabled only while operator is actively depressing slew enable switch or equivalent. Slew speeds on both axes will drop to 1600 arcsec/sec (hardware setting) if slew enable switch released.

1.7 Implement flexible design to allow for future enhancements. List of possible upgrades:

Remote operations by the Telescope Operator, day crew technician, or staff engineer may be desired in the future. This system should be flexible enough to allow modifications for remote operation, if necessary.

2. Computer Hardware requirements

Servo Controller – Used on control the HA, Dec, and Dome axis.
· PCI format

· Position range: >1,296,000,000 counts
Why such a huge count? At 100 counts per arcsec, the full range of HA motion (+/-5h 4m) would be only 54,720,000 counts. Dec full range is even less. Make it easy on yourselves, 100 counts/arcsec is plenty of resolution.
· Able to interface to T3 custom electronics

· 4 axis of control (HA, Dec, Dome will be targeted).

· Modes of motion: point-to-point, jog
Successive point to point motions guaranteed smooth over time, not stop-start.
Programmed motion control at the extremely slow rates required are to be worked out by IfA engineers and verified as workable by manufacturer’s engineering representatives prior to commitment to the product.
· PID filter
Need to specify exactly who does this and to what performance goal. Suggest specifying that it be contracted out to a servo consultant or to the motion controller company.
· 16-bit DAC output

· Inputs from incremental encoders and rate tachometers for each axis.
· Limit switch inputs (overspeed, position extremes).
3. T3 Electronics

· DEC and HA axis are split into two voltage ranges, -10V to 0 and 0 to +10V which is output to the respective power amplifiers.

· An adjustable preload shall be output to each power amplifier.
If you use a motion controller that can provide two channels per axis, you can preload in the motion controller, much simpler than having to deal with external logic and hardware-adjusted preload.
· Voltage output to the DEC and HA amplifiers shall be reduced to a pre-determined level when a slew switch is tripped.
Do you mean that the output voltage is reduced to a pre-determined value if the slew enable switch is released? Or are you referring to a slew limit switch? The wording sounds like the output voltage is to be reduced when a slew is done. Suggest rewording this.
· DEC, HA, Dome axis set the voltage output to the power amplifiers to 0 when an emergency or brake lockout condition is active.

· Emergency or brake lockout condition can be overridden via a key switch from the TO panel.

· An emergency condition is defined as follows:

· Brake limit switch is tripped.
Are there limit switches on the brakes? Or do you mean the “drop dead” limit condition? (There are 3 levels of position limits, not counting zenith limit.)
· Amplifier overload monitor output is active.

· Emergency stop button is tripped.

· Facility I/O emergency output is active.

· Watchdog timer that monitors the TCS computer times out.

· 1300 as/s over speed condition originating from the motor tachometer.
This means 1300 arcs/s over the max allowed rate? Which is? (I would assume the max allowed slew rates.)
· A brake lockout condition is defined as follows:

· Lockout output from the TCS computer.

· Key switch is in the lockout position.

· Error output originating from the motor controller card.

· Control of the 115V brake relay is based on the emergency and brake lockout condition.

4. Encoders

Absolute position resolution: 3.0 arcsec
[>6.0 arcsec  is current TCS resolution]
Hysteresis < 3 arcsec (suggested by me, but should be specified. The current APE has a lot of hysteresis (>10 arcs). Watch the APE display and compare it with TV monitor display (which is based on the incremental encoder) when you reverse direction. Gross.

Incremental position resolution: 0.01 arcsec
[0.2 arcsec is current TCS resolution]

Maximum slew rate: 2 deg 1200 arcsec/sec on sky for declination, 1.2 deg/sec HA.

Maximum slew acceleration: 1200 arcsec/sec2 (I need to verify)

Environment:
 -10 to 50 deg C.

Humidity:
20%-100% Relative Humidity.

5.1 MCC Replacement

Provide 2 LCD display for TCS control and display. Referred to as Display1 and Display2.

Provide 1 Hardware Panel (referred to as the TO Panel) for TCS control and display.

These devices are to be duplicated at the Hilo lab configuration.

Refreshed GUI at 10 Hz.

5.1.1 Display1 Requirements

Show sidereal time, UTC and Local Civil Time (HST)

Show HRA, DEC and HA in Target, Mean, Increment Encoder Unit, and Abs Encoder Units. Suggest displaying encoder unit positions only for maintenance purposes so there is less visual clutter during observing time.

Also show epoch of the mean coordinates.

Show stop/slew/brake limits; zenith indicator; horizontal limits; Emergency indicator; 

7. Software

· Maintain position table. Data item for position table to evolve per TO and scientific staff input. Basic information includes:

· RA, Dec base position in Time, Degrees (hh mm ss.ss, +/-dd mm ss.s)
· RA,  Dec rate in as/s (N/S/E/W xxx.xxxx)
· 2 user offset (beam, user) in as/s. Total offset limited to 600 as/s.
Strongly suggest not limiting offset displacement. There is no reason for a limit. No need either for a rate limit < 400 arcs/s.
· scan offset to include RA, Dec offset, and desired rate( as/s)

· Calculate Target (RA, Dec) to mount (HA, Dec) coordinates at minimum rate of 10 Hz. 10 Hz may well be insufficient. I would say 20 Hz minimum. You will probably wind up doing this important calculation at 100 Hz.
· Monitor and set Facility IO hardware at a minimum rate of 10 Hz.

· Telescope update corrections for both position and rate, as follows -
Pointing correction due to telescope mount
Atmospheric refraction correction for predetermined visible and IR wavelengths
Aberration, precession, nutation, and proper motion corrections
Index and collimation adjustments (Ih, Id, Ch, Cd) relative to the center of the instrument field of view

· Pointing Correction 

· Develop procedure to collect pointing data for TPOINT utility.

· Apply TPOINT pointing corrections for equatorial mount.

· Allow user modification of TPOINT IH and ID index and collimation coefficients in real-time.

· Provide network based communication for instrumentation and guiders using TCP/IP.

· Provide source code for visitor instrumentations that allow socket communication to TCS. Visitor computer must support the Berkley socket API (All UNIX-like systems, and windows after Win98 support this API).

· Develop GUI to display similar data item provide by TCS1 MCC. Data item and format to evolve per TO and staff input.

· Develop Remote observation GUI for remove observers similar to tcs1_status.

· Develop a TO GUI interface.

· Allow any GUI to be remotely exported using the internet.

· TCS mode for servo should include: tracking, slewing, direct motor position, and Jog.

· Diagnostics and Utilities

· Procedure to calculate Encoder Rations.

· Safety Related

· Trigger Safety Circuit Watch Dog Timer at 10 Hz.

· Monitor ABS vs INC. Enable BrakeLock on  ABS-INC > 2 deg.
Suggest asking operator before applying brakes. Otherwise, there will be cases of astronomers knocked off the sky for what may turn out to be a trivial reason. 
· Monitor Speed. Enable BrakeLock on speed > 1400 as/s.
Somebody needs to verify the magnitude and original source of this number.
· Enable BrakeLock for ServoPosExceedLimit (Commanded vs Encoder position) > 2 deg.
This should be an up-down counter overflow or out of limit condition. The error magnitude should not be an arbitrary number but should be specified by the servo engineer who calculates the maximum permitted servo error as represented by the contents of the U-D counter.
· Software HA and Dec Limits are default to SLEW Limits, but can be adjust up to STOP Limit. Software limits can be disabled by tcs3 command.

COMMENTS from P.Onaka

1. General T3 Requirements

1.1 Overall goals of T3 project is to replace the following equipment:

· .

Should we explicitly add the manual mode here?

Slew to an object up to 10 degrees from a known object to +- 2 arc sec (within a cone of 60 degrees from zenith).

Slew to any point to +- 10 arc sec (within a cone of 60 degrees from zenith).

Agree with Jim’s removal of this statement 

1.4 Tracking 

Non-Sidereal (Base) rate limited to <= +- 100 arcsec/sec.

What is a fastest non sidereal rate requested of the IRTF?

We should add a track adjustment resolution spec to make it easier to flowdown  controller requirements, e.g. 0.01 arcsec/sec.

Also we may need to include a wind buffeting (or max wind speed) spec for operation (partially defines stiffness requirement).

1.5 Offsetting and Scanning

Accuracy of <= 1 arc sec for offset less that 1 degree.

For a 10 arcsec move: Total Time = 1 sec, Damping Time = 0.5 sec.

For a 2 arcmin move: Total Time = 2.5 sec, Damping Time = 0.5 sec.

Possibly add feedforward mode specs here?

Individual offset limit are +-600 arc sec (10 minutes).

Scan rate +- 100 arcsec/sec.

Are we intending to have a spiral or raster scan mode?

1.6 Slewing

Slew speeds enabled only while operator is actively depressing slew enable switch.

When not depressed =?

1.7 Implement flexible design to allow for future enhancements. List of possible upgrades:

Remote operations by the Telescope Operator may be desired in the future. This system should be flexible enough to allow modifications for remote operation, if necessary.

Possible 1.8 section for  known structural resonances for telescope and secondary rings….

2. Computer Hardware Requirements

Maybe explicitly add ups power capability (not just building UPS).

Servo Controller – Used on control the HA, Dec, and Dome axis.
· PCI format

· Position range: >1,296,000,000 counts

· Able to interface to T3 custom electronics

· 4 axis of control (HA, Dec, Dome will be targeted).

· Modes of motion: point-to-point, jog

· PID filter

Need to add feedfoward mode and tachometer loops.

· 16-bit DAC output

· Inputs from increment encoders and rate tachometers for each axis

· Limit switch inputs.

Lab Motor- A Lab Motor setup is needed to test motor control hardware and software in the lab.

· 2 units (axis) are required to allow testing for HA, and Dec control.

· 2 motors per unit (axis) to mimic the IRTF opposing torque (anti-backlash) design.

Add tachometer per motor.

· Torque/Current Control servo amplifiers.

· Motor RPM spec: 1200 as/s * 144/1296000 as/rev = 0.13 rps

· Motor-axis spec: 144:1 gear ratio or 9000 arcsec/rev (same as IRTF)

· Increment encoder resolution: 100 counts/arc sec at the load output shaft.

· Design should accommodate up to 40 lbs on axis to provide inertia. 

· Implement an adjustable inertia feature; ideally mimic the torque/weight ratio of IRTF.

· Implement an adjustable spring constant mechanism.

· Implement an adjustable friction drag mechanism.

· Provide slew, stop, brake limits switch (Dry contact).

3. T3 Electronics

· DEC and HA axis are split into two voltage ranges, -10V to 0 and 0 to +10V which is output to the respective power amplifiers.

What is the source or intent of this statement????

· An adjustable preload shall be output to each power amplifier.

We should be using one controller axis per motor.

· Voltage output to the DEC and HA amplifiers shall be reduced to a pre-determined level when a slew switch is tripped.

Just semantics – is this for the slew enable or is this an overspeed circuit trip?

· DEC, HA, Dome axis set the voltage output to the power amplifiers to 0 when an emergency or brake lockout condition is active.

· Emergency or brake lockout condition can be overridden via a key switch from the TO panel.

· An emergency condition is defined as follows:

· Brake limit switch is tripped.

We will need to explicity define the conditions for a trip in a separate safety document. Good start though…

· Amplifier overload monitor output is active.

· Emergency stop button is tripped.

· Facility I/O emergency output is active.

· Diagnostics and Utilities

· Procedure to calculate Encoder Rations.

· Safety Related

· Trigger Safety Circuit Watch Dog Timer at 10 Hz.

· Monitor ABS vs INC. Enable BrakeLock on  ABS-INC > 2 deg.

· Monitor Speed. Enable BrakeLock on speed > 25000 as/s.

· Enable BrakeLock for ServoPosExceedLimit (Commanded vs Encoder position) > 2 deg.

· Software HA and Dec Limits are default to SLEW Limits, but can be adjust up to STOP Limit. Software limits can be disabled by tcs3 command.

Will need to add software and network security measures in the safety document.

COMMENTS from D.Toomey

Comments on the requirements document

1) section 1.5 Offsetting and Scanning

Accuracy of <= 1 arc sec for offset less that 1 degree

we should be able to offset with an accuracy much better

than 1 arcsecond for small offsets.  I would think that for offsets around 80 arcseconds or less we would want around 0.1 arcseconds accuracy.

2) there are no comments related to safety.  Does this document represent all of the requirements or are there other documents as well. I would expect a safety document but there should be one requirements document that brings it all together.  For example I expected to see a requirement like

" the system must be designed such that the telescope cannot run away.  The sensors that detect this condition must be redundant in nature so that a single sensor failure would still not allow the system to run away."

My opinion is that the safety to people and hardware issues should generate requirements for the system that should be represented in this document. You do have some safety related software items at the end but I think the requirements should be stated in a more global sense as above.

3) Sky coverage - there are observing coverage limits and also maintenance coverage limits are there not?

COMMENTS from Ev Iwrin 

. General T3 Requirements

Overall goal is to improve reliability.  To that end, replace the following: 

1.1 Overall goals of T3 project is to replace the following equipment:

· LSI II/23 Computer system.

· CCS and MCC Master Control Bus and all QBus Hardware

· Replace the MCC interface panels.

· Forth Software

· TCS support daemons and application software in IRTF workstations as required.

Because of the seriousness of lost observing time, perhaps add a statement about the desired maximum time to identify a problem and a have the telescope back online would not be out of order.  This would not only drive the physical design of the TCS (rapid fault isolation and ease of switching large sections of critical hardware) but would also help in producing a design spec for automated diagnostics.  
3. T3 Electronics

Need an overall description of the DEC and HA axis.  Starting from the bull gears and working backwards. Something like: Each bull gear torque motor shall be driven by a Drive Motor Power Amplifier (DMPA) capable of supplying a drive current of (TBD) current.  Each DMPA shall be supplied with an analog input voltage (mention spec - current/volt). This analog input drive voltage shall never be less than a settable minimum (TBD), so as to produce a minimum anti-backlash torque.  The analog drive voltage shall be driven by a servo circuit which sums motor DC tachometers outputs with a motor drive  and so on and so on to finish the spec.  Then you can insert the slew, stop and drop dead input stuff.  

· DEC and HA axis are split into two voltage ranges, -10V to 0 and 0 to +10V which is output to the respective power amplifiers.

Unclear.  Why get into volts?

· An adjustable preload shall be output to each power amplifier.

· Voltage output to the DEC and HA amplifiers shall be reduced to a pre-determined level when a slew switch is tripped.

When you say slew switch, do you mean telescope slew limit switch?  If so, then it is not that simple.  Technically, the slew limit switch only reduces the TCS velocity servo to a preset maximum, which, naturally, is lower than the slew speed.  This level is the command reference voltage for speed servo which is then summed (actually subtracted from the sum of both Motor DC tachometers) to produce a current command to the power amps (after splitting and preloading with anti-backlash is added.  Because the gain in the velocity servo loop is high (after summing), the telescope moves at virtually the command reference speed.  Therefore, the slew limit lowers the velocity command to maximum track level which force the telescope to slow down.

The stop limit switch forces the velocity command to zero in the direction of the stop limit switch, yet leaves the opposite speed command at the slew limit.  This allow you to slew away from the stop limit.  NOTE- The exception is the Horizon Limits.  Because the direction is unknown, any Horizon Slew Limit shall limit the speed on both axis.  Similarly, a Horizon stop should set velocity commands to zero on both axis, requiring a human being to press a spring-loaded override switch.

· DEC, HA, Dome axis set the voltage output to the power amplifiers to 0 when an emergency or brake lockout condition is active.

No.  The emergency may be causes by a faulty amplifier. Emergency is never used except in an emergency and drop dead limit switch only reach by a system failure of some kind.  You need to drop power to the amplifiers and drop power to the brakes (which sets the brakes). 

· Emergency or brake lockout condition can be overridden via a key switch from the TO panel.

I think it would be wise to require active participation of human being watching (similar to slew) so would require the key switch to be spring loaded to override emergency condition.

· An emergency condition is defined as follows:

· Brake limit switch is tripped.

· Amplifier overload monitor output is active.

· Emergency stop button is tripped.

· Facility I/O emergency output is active.

· Watchdog timer that monitors the TCS computer times out.

· 2025 as/s over speed condition originating from the motor tachometer.
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