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1 Overall description

The telescope has an azimuth-elevation mount. It is driven about each axis by two DC motors through a reduction gear. A constant torque is applied to avoid the mechanical backlash. An absolute encoder and an incremental encoder measure the position on each axis. A tachometer mounted on the reduction gear gives a rough velocity information. The telescope can be moved from –269 degrees to + 269 degrees in azimuth (0 is South, +90 is due West) and from –0.5 degrees to 90.5 degrees in elevation (+90 is zenith).

The TCS software running under OS-9 on a VME system, Antlia, controls the telescope. It receives requests from Vela to track a position given in right ascension and declination, calculates the relevant coordinate conversion and sends the telescope to the correct azimuth and elevation after applying pointing, homology and refraction corrections.  It also relays requests for the sub-reflector from Vela to Iccabin.

An analogue velocity control loop drives the motor with a chopped current amplifier (at approximately 20 kHz). The velocity information comes from the tachometer. The software position loop, which includes this velocity loop, is sampled at 100 Hz. During normal operation it uses the incremental encoder to determine the position. The absolute encoder is only used to inititalise the incremental encoder.

2 Interconnections and locations

Antlia, the VME system is located at the top of cabinet C4 in the pedestal. It is connected to the Ethernet via a BNC connector. It also receives a 1 pulse per second signal from the SEST clock to keep its internal clock synchronized.

The absolute encoders and various safety switches are read via the communication and display interface (CDI built by IRAM, in cabinet C4). Antlia communicates with the CDI via three synchronous serial lines.

The incremental encoders are read directly by the Antlia. 

The analogue velocity loop amplifiers (built by IRAM) in cabinet C3 are connected to the two DAC in Antlia, to the tachometers and to the current amplifiers.

The current amplifiers (built by INFRANOR) in cabinet C3 are connected to the analogue velocity loop amplifiers and the two pairs of motors.

3 Components description

3.1 Antlia - VME system

The core of the TCS is the VME system, Antlia, in the pedestal. It is built around a Force CPU-40 board running OS-9 version 2.4. M-modules from MEN are used for the various I/O functions. See the corresponding documentation in the laboratory.  Some of these were modified and will be described in the ‘electrical schematics’ document. The software structure is described in a separate document.

The system includes:

1. CPU board Force CPU-40, with a SCSI hard disk and floppy disk drive, Ethernet interface.

2. MEN A201N carrier board with one M11 digital I/O module and three 9-pin connectors. This is the interface to the CDI.

3. MEN A201N carrier board with an M5 ADC module, an M41 counter module, an M0 prototype module and an M11 digital I/O module. This is the incremental encoders interface.

4. MEN A201N carrier board with an M8 HPIB module, an M11 digital I/O (this is to replace the first A201N board) and an M4 DAC module (interface to the analogue loop amplifier).

5. A connector plate that holds the different connectors sockets. All the M-modules are connected via ribbon cables to it.

3.1.1 Interface with CDI - Synchronous serial lines

The CDI unit reads the absolute encoders together with a number of status bits that reflect the state of the telescope. It is described fully in the old IRAM documentation, ’15 M IRAM Antennae Control’. Some commands can also be sent to the CDI but this is not currently used in the system.

All the data is read via three synchronous serial lines at 20 Hz. 48 bits can be read from and written to each serial port every 25 ms. An M11 parallel I/O module is used to create four serial lines with a common clock at approximately 67 kHz. The SIO program does all the work.

3.1.2 Incremental encoder interface

The incremental encoders are mounted directly on the telescope axis. Each encoder produces sine and cosine waveforms with 36000 cycles per revolution of the axis. Thus one cycle corresponds to 36 “. To achieve the desired tracking accuracy of less than 2 “, the angular position is interpolated to 0.1”. The ENCODER program does this by counting the whole cycles using the M41 24-bit counters, converting the two waveforms with the M5 ADC and doing a fast interpolation. The waveforms are converted to TTL levels on the M0 prototype board before being fed to the counters. 

At one precise position (one per revolution of the encoder) an initialization pulse is generated. It is used to zero the counter when requested by the control system. The pulse is then fed to the M11 digital I/O module to generate an interrupt.

3.1.3 Interface with analogue loop - DAC

The velocity command sent by the LOOP program is converted to analogue by two DAC converters on the M4 module before being sent to the input of the analogue loop amplifier. The levels are from –10 V to +10 V. This is updated at 100 Hz

3.2 Motors, tachometers, reduction gear:

The AXEM motors are described in the manufacturer’s documentation and in the old IRAM documentation. 

Here is a brief summary of their characteristics:

type
MC27P
MC23S


nominal torque
14.32
7
Nm

nominal speed
3000
3000
rpm

nominal power
4500
2200
W

nominal voltage
150
170
V

nominal current
33
15
A

emf/1000 rpm
48.3
53
V

internal resistance
0.19
0.9
Ohms

During normal operation, the motor speed is limited to 2000 RPM. 

The brakes operate in the absence of current (24 V DC / 50 W)

The elevation reduction gear ratio is 20000:1. In azimuth it is 11500:1.

3.3 - INFRANOR current amplifiers:

The power amplifiers are described in the INFRANOR documentation (in French only). These are essentially chopped current amplifiers (pulse width modulation) they operate at 8 kHz.

The azimuth motors have one logic board (180/80) and two power boards each (180/80). They share the same high voltage power supply (AL70).

The elevation motors have one logic board (180/40) and one power board each (180/40). They share another high voltage power supply (AL70).

Note: The markings on the boards are a bit confusing. The numbers 180/80 and 180/40 refer to the maximum voltage and current (180 V / 80 A and 180 V / 40 A respectively). Exercise great care when handling them.

3.5 - Absolute encoders

The absolute encoders (Heidenhain ROC/13) are described in the manufacturer’s documentation.

These are 13 bit, gray code angular position encoders. They provide the system with a rough absolute position of the telescope and are used only during the initialization procedure of the incremental encoders.
3.6 - Incremental encoders

The incremental encoders (Heidenhain ROD800) are described in the manufacturer’s documentation. They provide, through the interpolation software, accurate position information encoded on 24 bits.  They required initialization and are used during normal operation.
3.7 - Safety switches

3.8 - Analogue loop amplifier (speed and torque driver)

The velocity loop amplifier (built by IRAM) is integrated in the position loop. It is described in full in the IRAM documentation.

It reads the velocity command from Antlia, compares it to the velocity feedback and elaborates the torque (current) command sent to the INFRANOR amplifiers. It also generates its own velocity command when the telescope is controlled manually by the switches on the C3 cabinet.

There is a pre-load adjustment on the front panel. This sets the torque pre-load on the reduction gear to minimize the backlash.
3.9 - CDI interface

The communication and display interface is described in the old IRAM documentation.

It reads a number of sensors’ output including the absolute encoders, converts them to TTL levels and sends them to Antlia. It also displays the absolute encoder position and a few key status bits. 

The sensors are essentially the azimuth track (positive or negative) the state of the limit and pre-limit switches, the state the stow pins, the cabin door and the emergency stop switches. A complete list with descriptions is available in the IRAM documentation.

3.10 - Mechanical limits, pre-limit and limit switches

The telescope has electromechanical switches at –270 and  +270 degrees in azimuth. These remove the power from the drive electronics and the amplifiers.

The corresponding switches in elevation are at –1 and +91 degrees.

The pre-limit and limit switches are as follows:

Azimuth
degrees
Logical name

negative limit
-269
C_Al_n

negative pre-limit
-265
C_Ap_n

positive pre-limit
+265
C_Ap_p

positive limit
+269
C_Al_p

Elevation
degrees
Logical Name

limit down
-0.5
C_El

pre-limit down
+10
C_Ep_b

pre-limit up
+87
C_Ep_h

limit up
+90.5
C_El

3.11 - Operational limits

The software of the TCS sets the following limits to the operating range:

Azimuth:
from –225 degrees to +225 degrees

Elevation:
from +2 degrees to + 90 degrees

The tracking can be kept below 2 arc-seconds in both axes in the following range (with wind speeds below 10 m/s):

Azimuth:
from –225 degrees to + 225 degrees

Elevation:
from +3 degrees to +85 degrees
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