
















Summary





The new encoder interface box has capacity to interface two encoders simultaneously. The first input is for an absolute encoder up to 24 bits. The second input has the capacity for either an 8 bit absolute encoder or an incremental encoder. There are three supply rails to power the encoders +5V, +6V and +12V. The outputs are differentially driven to CAMAC using RS422 line drivers/ receivers. Two six digit hex displays are used to give status of the encoder data.
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�Introduction



This document describes the operation and interconnections for the new RGO encoder interface box for the WHT.



All  the WHT incremental and absolute encoder signals are buffered by interface boxes. Each of these interface boxes provide encoder supplies as well as converting the incoming signals to differential line drive for transmission through the telescope cable systems to CAMAC in the control room.



To accommodate the different encoder configurations, six different types of encoder box were originally developed by Marconi Radar Systems for the main drive and rotators. But the variation in encoder box design inhibited the carrying of universal spares and made diagnosis of faults difficult. In addition to these variations, the boxes were of poor design and construction with little or no diagnostic and test facilities to assist with encoder fault assessment.



To overcome these problems, a single ‘universal’ encoder box has been designed, to replace the existing boxes. This box has also incorporated new facilities to display the encoder signals as a hexadecimal word and convert A quad B format signal, from the new solid state T&R encoders, into the up/ dn pulses required for the WHT control circuitry.



This document, describing the design of this new encoder box, has been split into four sections to make information retrieval easier. These sections are;



1) Circuit description - This section gives a description of the box construction and the circuitry used.



2)
 
Internal Box Connections - This section gives the inter-connection details within the box itself.




3) 
External Box Connections - Giving all the information to wire a new or existing encoder to the encoder interface box.




4) Appendix - The appendix contains the parts list, circuit diagram and data sheets the box and circuit.

�Physical Description

Encoder Box

The encoder box is a purpose built enclosure consisting of a 3U 24HP crate with a connector chamber below this. The majority of the circuitry is housed on a standard 3U 220mm Euro card PCB. In addition to this there are display and regulator PCBs housed inside the box. A single switch mode power supply is used for the circuitry and encoder supply.



�Circuit Description

The majority of the circuitry is housed on a standard 3U 220mm Eurocard PCB. All the interconnections to this board are made via two DIN41612 connectors, one at either end of the board.



This section will describes the circuit operation and has been split up into the following subsections;



1) Encoder Input Buffering



2) Absolute encoder circuitry



3) Incremental encoder circuitry



4) Zero set circuitry



5) Displays



6) CAN connections



7) Line drivers/ receivers



8) Power supplies





1) Encoder Input Buffering



The encoder signals lines have been designed to give a robust, non inverting input that will accept signals from any of the supply rail voltages with no linking or changes required within the box. 



The input circuitry uses the MC14504B, a hex non inverting voltage level shifter. The device operates using two separate supply pins. The first, VCC, sets the voltage level accepted by the input to the device. This signal, is commoned to all the buffers for an individual connector, and is brought out of the box as con.volt on each of the two encoder connectors. This pin must be connected to the encoder supply voltage, ensuring the signal levels from the encoder are correctly interpreted.



�



The second supply line, VDD, controls the output voltage level of these signals. This is connected to +5V to produce TTL levels to interface to all other circuitry within the box.

2) Absolute Encoders Circuitry



There are a total of 32 inputs lines to the PCB for absolute encoders from the two encoder input connectors. The least significant 16 bits of the absolute encoder from connector 1 are buffered, as described above, then fed directly to the display and output driver circuitry. The most significant 8 bits from this connector is buffered through a 74LS244 ( IC**) before it emerges as the most significant 8 bits to the display and the output driver circuit. The 8 bits from connector 2 is also fed via a 74LS244 buffer onto the same high eight bits of the box. The circuitry is shown below;

�



To ensure only one of these 8 bits can be active at any time a switch is used to select between the two connectors inputs. With this switch in position 1 the upper 8 bits from connector 1 are switched to the rest of the circuitry. With the switch in position 2 the absolute signals from connector 2 are used.





3) Incremental Encoder Circuitry



There are separate signal paths for the two popular formats for incremental encoding outputs. These are up/dn and A quad B signals. The up/dn pulses are buffered through the level shifter then fed directly to IC**. The A quad B signals are fed into IC25, a commercially available IC, to convert the pulses into the up/dn format. This operation is described below. Only after this operation are the signals fed to IC**. The circuit is shown below;



�

A switch on the PCB, SW1b, is used to select which incremental path is output to the remaining circuitry. The choice in position is clearly labeled with up/dn. and a/b for the required position.

Quadrature Converter

To convert the quadrature signal to up/dn format an LS7083 is used. This is a monolithic CMOS silicon gate quadrature clock converter. Two external components are required for the converter operation, these are R16 and C9. The value of the components dictate the width of the output up/dn pulses. This has been set at 2us.



4) Zero Set Circuitry

In the altitude and azimuth incremental encoder boxes a zeroset facility is used by the TCS to transfer the encoder count into register 2. This zeroset is the product of ANDing two signals, a zeroset target output and an index gate pulse.



The zeroset target pulse is the output from the two zone zeroset module. When the target on the telescope is reached  the open collector transistor output, fed via a pull-up resistor inside the box, is switch on. This produces a low going pulse for the time the telescope moves passed the target.



This signal is fed into the encoder box via a lemo socket. This is buffered onto the PCB using an opto isolator. The output from this is then inverted and ANDed with the Index gate pulse from the incremental encoder.





5) CAN Connection

Provision has been made on the PCB to mount an RGO designed C167 microcontroller onto the encoder box PCB. This provides the facility to develop CAN communication between each encoder box and an engineering desk in the future.



The C167 board is mounted on two DIN41612 connectors, which deliver the supplies and all the signals. IC23 is an EPLD which acts as an interface circuitry from the encoder signals to the microcontroller. The use of this device enables some flexibility to be available when developing the CAN application.





6) Line Drivers / Receivers

IC9-16 are used as the encoder box line drivers to transmit the signals to CAMAC. The device, a DS26LS31, is a quad differential line driver designed for digital data transmission over balanced lines. The output meets the requirements for EIS standard RS422.



IC17 is a line receiver that accepts the gate signals from CAMAC. The device, a DS26LS32 accepts a differential signal with an input voltage range of +5V, over a balanced line. 

7) Display Circuitry



The display circuitry comprises of a oscillator, EPLD, two display drivers and twelve hex displays. The EPLD and oscillator are located on the main board, while the display and drivers are on a separate PCB, mounted on spacers directly behind the display window. 



 The EPLD is the heart of the display circuitry and its function is to; 



 1) Buffer the 24 bit absolute signal and transmit it to the display driver in four bit bits, with the associated write and decode signals generated internally.



 2) Receive the up / dn pulses and feed them into a 24 bit counter. This is then transmitted to the second display driver, on the display PCB, in four bit bits with the associated write and decode signals.



 3) Enable the incremental encoder to be reset and the display switched on and off.



When the box is powered up the displays are blank to prevent light pollution. A push button switch is located on the outside of the box to toggle the display on and off. This is labeled ‘Display - Blank’. 



A second switch, next to the display blank, is used to locally reset the incremental display to zero. This is done by resetting the internal 24 bit incremental counter inside the EPLD, hence producing a zero as the output on the display. This operation is purely local to the box and has no effect on any other signal or circuitry. This is labeled ‘Display - Reset’.



The display PCB has two connectors. Connector 1 is a 26 way IDC ribbon cable connector and feeds all the signals to and from the EPLD. The pin allocation is given below;

Pin No��Signal��Pin No��Signal��1��5V��14��Blank_Disp��2��5V��15��Clear��3��0V��16��/Clear��4��0V��17��Blank��5��ABS_A��18��/Blank��6��ABS_B��19��INC_A��7��ABS_C��20��INC_B��8��ABS_D��21��INC_C��9��A0��22��INC_D��10��A1��23��5V��11��A2��24��5V��12��A_Write��25��0V��13��I_Write��26��0V��

Connector 2 terminates the wiring loom from the display and reset switches onto the display board

�8) Power Supplies



The main supply for the encoder box is derived from a Vero PK60 trivolt switch mode PSU. The output voltage levels are +5V (6A), +12V (2A) and -12V(0.5A). 



A further two supply rails are produced by regulating the 12V supplies to +6V (1A) and -6V (0.5A). This is done in two different ways. For ten of the boxes a simple linear regulator circuit is used. This is built on a separate PCB, in modular form, on its own heatsink. The devices used are the LM2941 for the positive rail and the LM2991 for the negative rail. 



The second configuration, for two of the boxes, uses a switching regulator to derive the +6V (2A). These devices operate at over 90% efficiency, thereby reducing the heat output from the regulator at full load dramatically.



The +6V supplies are currently only required on two operational encoders on the WHT, the incremental encoders for Alt and Az. Because of the high cost of these modules it was decided to use them in only two positions ( with one spare) and use a cheaper alternative for the other boxes as a reserve in case they are required in an emergency.



The -6V rail is only required for the roller incremental encoders which are not currently operational and are unlikely to be in the future. This supply rail is available on only two special encoder boxes that are to be used as the telescope spares.



The only sense line available from the power supply is the +5V rail which is wired back to the power supply at the PSU connector.



The mains earth is wired to a star point on the chassis. The 0V rails for all the supply rails are also connected back to this point. This point also feeds two earth pins for each encoder input, to connect to cable screens and encoder chassis.





�Internal (PCB) Connections

The PCB has been designed using a 64 way DIN41612 connector at either end of the board to cope with the very large numbers of signals that have to be routed on and off the board. A detailed explanation of the signals and corresponding names is given in the next section.



PCB Connector 1

The PCB plugs directly into connector 1. This connector is used to route all the signals directly from the encoders, the gate pulses from the CAMAC and the supplies.



Pin No��Signal��Pin No��Signal��Pin No��Signal��a1��Zero.1��a12��ABS.4(24)��a23��Gate (8 bit)��c1��Zero.2��c12��ABS.5(24)��c23��/Gate (8 bit)��a2��ABS.0(8)��a13��ABS.6(24)��a24��Gate (24 bit)��c2��ABS.1(8)��c13��ABS.7(24)��c24��/Gate (24 bit)��a3��ABS.2(8)��a14��ABS.8(24)��a25��Gate2(8bit)��c3��ABS.3(8)��c14��ABS.9(24)��c25��/Gate2(8bit)��a4��ABS.4(8)��a15��ABS.10(24)��a26��Gate2(24bit)��c4��ABS.5(8)��c15��ABS.11(24)��c26��/Gate2(24bit)��a5��ABS.6(8)��a16��ABS.12(24)��a27��Con. Volt.1��c5��ABS.7(8)��c16��ABS.13(24)��c27��Con. Volt.2��a6��Gate2(8bit)��a17��ABS.14(24)��a28����c6��Gate(8 bit)��c17��ABS.15(24)��c28����a7��CW��a18��ABS.16(24)��a29��5V��c7��CCW��c18��ABS.17(24)��c29��5V��a8��Inc A��a19��ABS.18(24)��a30��12V pos��c8��Inc B��c19��ABS.19(24)��c30��12V pos��a9��Index��a20��ABS.20(24)��a31��0V A��c9��Index Gate��c20��ABS.21(24)��c31��0V A��a10��ABS.0(24)��a21��ABS.22(24)��a32��12V neg��c10��ABS.1(24)��c21��ABS.23(24)��c32��12V neg��a11��ABS.2(24)��a22��Gate2(24bit)������c11��ABS.3(24)��c22��Gate(24 bit)������



�Connector 2

This connector is located at the front of the PCB, and is connected to the rear mounted connectors via a 64 way ribbon cable. The signals, except CAN, are all differential outputs to CAMAC. The CAN signals are not taken out to a box connector. 



Pin No��Signal��Pin No��Signal��Pin No��Signal��a1��C1��a12��C12��a23��C23��c1��/C1��c12��/C12��c23��/C23��a2��C2��a13��C13��a24��C24��c2��/C2��c13��/C13��c24��/C24��a3��C3��a14��C14��a25��CW��c3��/C3��c14��/C14��c25��/CW��a4��C4��a15��C15��a26��CCW��c4��/C4��c15��/C15��c26��/CCW��a5��C5��a16��C16��a27��Index��c5��/C5��c16��/C16��c27��/Index��a6��C6��a17��C17��a28��Index Gate��c6��/C6��c17��/C17��c28��/Index Gate��a7��C7��a18��C18��a29��Zero Set1��c7��/C7��c18��/C18��c29��/Zero Set1��a8��C8��a19��C19��a30��Zero Set2��c8��/C8��c19��/C19��c30��/Zero Set2��a9��C9��a20��C20��a31����c9��/C9��c20��/C20��c31��CanH��a10��C10��a21��C21��a32��CanL��c10��/C10��c21��/C21��c32��GNDCan��a11��C11��a22��C22������c11��/C11��c22��/C22������

�External Connections



This section describes the connections to the encoder interface box. The connectors are described in numerical order, specifying the pin-outs, functions and signal limitations.

Con 1 - Absolute 1

Connector 1 is the primary input for an absolute encoder. The connector pin out is given below;



Pin No��Signal��Pin No��Signal��A��ABS.0(24)��Y��ABS.21(24)��B��ABS.1(24)��Z��ABS.22(24)��C��ABS.2(24)��a��ABS.23(24)��D��ABS.3(24)��b��Gate2(24bit)��E��ABS.4(24)��c��Gate(24bit)��F��ABS.5(24)��d��n/c��G��ABS.6(24)��e��n/c��H��ABS.7(24)��f��12V��J��ABS.8(24)��g��12V��K��ABS.9(24)��h��6V��L��ABS.10(24)��i��6V��M��ABS.11(24)��j��5V��N��ABS.12(24)��k��5V��P��ABS.13(24)��m��Con. Volt��R��ABS.14(24)��n��0V��S��ABS.15(24)��p��0V��T��ABS.16(24)��q��0V��U��ABS.17(24)��r��0V��V��ABS.18(24)��s��earth��W��ABS.19(24)��t��Screen��X��ABS.20(24)������Supplies

The encoder is powered from one of three supply voltages available, shown in the second column. The supply voltage used must also wired to Con.Volt which controls the voltage levels accepted by the input buffers.



Inputs

There are 24 input lines for absolute encoders, of which ABS0(24) is the least significant. The lower 16 bits feed straight through the box to the differential line drivers, but the upper 8 bits are controlled by a tristate buffer. To use these bits the switch SW1 must be set in position 1, as marked on the PCB.

Outputs

Two outputs to control the encoder from CAMAC are available. These are Gate(24bit) and Gate2(24bit). Each of these are fed from the different CAMAC connections allowing the availability of at least one signal line for each of the two CAMAC connections.



Screen

The last two pins on the connector are dedicated for earthing and screening. Both are wired inside the box directly to the chassis star earth point and are primarily available for earthing the cable screen and encoder body.





Con 2 - Absolute 2 / Incremental



This connector will accept either an absolute or an incremental encoder. The connector pin-out is given below, followed by a description of the signals;



Pin No��Signal��Pin No��Signal��A��ABS.0(8)��T��n/c��B��ABS.1(8)��U��n/c��C��ABS.2(8)��V��n/c��D��ABS.3(8)��W��12V��E��ABS.4(8)��X��12V��F��ABS.5(8)��Y��6V��G��ABS.6(8)��Z��6V��H��ABS.7(8)��a��5V��J��Gate2(8bit)��b��5V��K��Gate(8 bit)��c��Con. Volt��L��CW��d��0V��M��CCW��e��0V��N��Inc A��f��0V��P��Inc B��g��0V��R��Index��h��earth��S��Index Gate��j��Screen��

Supplies

The encoder is powered from one of three supply voltages available, shown in the second column.   The selected voltage must also wired to con.volt which controls the voltage supply to the input buffers.



Absolute  Encoder

This is the second absolute encoder input with 8 lines available. These appear at the CAMAC output as the most significant 8 bits of the 24. These lines are controlled within the box by a tristate buffer, IC**. To select this output switch SW1(a) should be set to position 2.

�Incremental Encoder

Two types of incremental encoder output types can be connected to the box.



	1) The first type, referred to as up/dn, has pulses appearing on one of two lines depending on the direction the encoder moves.



	2) The second, A quad B, produces pulses on two lines simultaneously, with a 90 degree phase shift between the two. The signal lead/lag information indicates the direction the encoder moves.



Separate input pins are available for the two different encoder signal types because the A quad B format must be converted to produce an up/dn pulse stream to interface to the rest of the WHT control circuitry. A switch SW1b must be set to the type of  incremental input required. The position for the switch is clearly marked on the PCB for the type of encoder to be used.



Outputs

Two outputs to control the encoder from CAMAC are available. These are Gate(8bit) and Gate2(8bit). These are fed from the two different CAMAC connections allowing the availability of at least one signal line for each of the two CAMAC connections.



Index Gate

The index gate output signal occurs once per revolution of the encoder shaft of the incremental encoder and is used for position reference.



Index

The index pulse is exclusive to the altitude and azimuth incremental encoders. The signal is derived by differentiating the index gate pulse. The position of this pulse is dependent on the direction of travel, producing an output on either the leading edge of the cw or ccw index gate pulse.



Screen

The last two pins on the connector are dedicated for earthing and screening. Both are wired inside the box directly to the chassis star earth point and are available for the cable screen and encoder body.

�Con 3 - Mains Input

The supply to the encoder box is from a 240V ac feed. This is connected into the box via a MK4 medium connector. The pin out is:



Pin No��Signal��A��N��B��E��C��L��

Con 4 - CAMAC 1

This connector supplies absolute encoder signals to CAMAC, as well as two output lines from CAMAC, for encoder gating. The Gate2(8bit) signal is used to control the encoder plugged into connector 2 and Gate2(24bit) is used to control the encoder plugged into connector 1. All signals are transmitted differentially to CAMAC using RS422 line drivers and receivers. The connection details are given below;



Pin No��Signal��Pin No��Signal��A��C1��f��C15��B��/C1��g��/C15��C��C2��h��C16��D��/C2��i��/C16��E��C3��j��C17��F��/C3��k��/C17��G��C4��m��C18��H��/C4��n��/C18��J��C5��p��C19��K��/C5��q��/C19��L��C6��r��C20��M��/C6��s��/C20��N��C7��t��C21��P��/C7��u��/C21��R��C8��v��C22��S��/C8��w��/C22��T��C9��x��C23��U��/C9��y��/C23��V��C10��z��C24��W��/C10��AA��/C24��X��C11��BB����Y��/C11��CC����Z��C12��DD��Gate2(8 bit)��a��/C12��EE��/Gate2(8 bit)��b��C13��FF��/Gate2(24bit)��c��/C13��GG��Gate2(24bit)��d��C14��HH��Screen��e��/C14�������Con 5 - CAMAC 2

This is the second CAMAC connection. It is used to supply the incremental signals as well as the zeroset signals. Two CAMAC outputs are also included to gate the encoders if required. The Gate(8bit) signal is used to control the encoder plugged into connector 2 and Gate(24bit) is used to control the encoder plugged into connector 1. the last pin, connected internally to chassis ground, is available for the cable screen.



Pin No��Signal��Pin No��Signal��A��CW��P��Gate (8 bit)��B��/CW��R��/Gate (8 bit)��C��CCW��S����D��/CCW��T����E��Index��U��Gate (24 bit)��F��/Index��V��/Gate (24 bit)��G��Index Gate��W����H��/Index Gate��X����J��Zero Set1��Y����K��/Zero Set1��Z����L����a����M����b����N����c��Screen��



Con 6 - Zeroset Input

This connector is used as the input to the box from the two zone module. Only pins 1 & 3 are required to be connected.



Pin No��Signal��1��Zero.1��2��Zero.2��3��0V��4��5V��5����
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