IMACS Disperser Server System

The IMACS Disperser Server System (DSS) is a large multiple subsystem assembly that carries the instrument optical dispersing devices.  The DSS was designed to provide for a user selectable disperser change in a short amount of time (less than 30 seconds).  The entire system consists of the wheel assembly, the drive assembly, the clamping assembly and the cable wrap assembly.  Details of each dispersing device are covered separately in another section.

There are six positions available that can be fitted with a mirror, reflection gratings, transmission grisms or prisms, a multi-object echellette, and a tunable filter.  There are two positions for transmission grisms and three positions for reflecting gratings (due cabling for the electronics on the grating tilt mechanism), of which one is an auxiliary position the can be configured to host the tunable filter (again, due to cabling), the multi-object echellette, or the low dispersion prism.  Another position hosts a fold mirror when configured in f/4 mode, but can be used for any transmission device.  The seventh position is a through hole for direct imaging with the f/2 camera.

Description of Mechanisms

The Wheel Assembly:  The DSS assembly is mounted to a large bearing and axle assembly which is fixed to the instrument structure at a machined surface on the MOS disk.  Each component of the assembly was located with pins and over-bolted to ensure fixed positioning.  The wheel position feedback is achieved with a Renishaw linear encoder system.  The readhead is mounted to the wheel and the tape is fixed to the axle.

There are four pin block assemblies at six locations to which optical devices can be mounted.  Each pin block assembly consists of a tapered pin, a mechanical switch, and two extension springs.  The springs ensure the device seats properly on the pin blocks when not in use and assist the return action.  The switches, wired together in series, provide feedback to ensure each device is correctly seated on the wheel.  The pins are slightly tapered, which allows the device to be ‘free’ of the wheel when properly inserted during an observation.

The Wheel Drive System:  The disperser wheel is rotated by a chain drive system and consists of the main drive assembly and the wheel brake assembly.  The main drive assembly includes the main mounting block, stepper brake motor, gear reducer, drive gear, chain, chain blocks, soft and hard limit switches, ‘near’ home sensor, and linear encoder system.  The main assembly is mounted on the MOS box so that the drive gear is coplanar with the wheel.  The drive chain is affixed along a slot on the edge of the wheel by means of chain blocks.  The chain blocks are also used to trip the soft and hard limit switches and provide for end of travel points.

The wheel break assembly is a pneumatic ‘gripper’ type clamp.  The brake assembly: gripper cylinder; solenoid valve; and associated electronics, are all mounted to a plate which is bolted to the MOS box.  The break is applied whenever the wheel is not moving.  There are proximity sensors on the air cylinder which provide feedback as to the state of the brake.  The control logic is set so that the brake must be open before the drive motor is activated.

The Clamping System:  When selected for use, a device is rotated into the optical path and clamped to the base matrix ring with four pneumatic latch assemblies.  The latch is connected to the air cylinder by a simple pinned linkage. The latch pins (and consequently the latch as well) follow a path designed to ensure the latch face doesn’t move laterally with respect to the device when in contact, preventing an unwanted scrubbing motion.  The latches move separately but are tuned via flow control valves to move synchronously.  The air for all latches is supplied from common manifolds located on the side of the MOS box.  A regulator and solenoid valve are mounted beside the manifold.  The regulator should be opened to allow for the maximum pressure provided by the instrument, 100 psi.  There are two proximity sensors on each air cylinder which provide feedback as to the state of the latch.  All latches must be fully open before the wheel can be moved.

The Cable Wrap Assembly:  There are several optical devices on the disperser wheel that require power: the grating tilt mechanisms and the tunable filter (not yet delivered).  Unfortunately, due to design limitations and space constraints, access to the cable wrap is limited.  Any issues that would require major cabling work would most likely require significant effort.  As such, as system of two IGUS cable chains is employed to prevent damage to the cables.

The cable wrap assembly has two components, the inner wrap assembly and the outer wrap assembly.  The inner wrap assembly is stationary and attached to the axle at four points.  The outer wrap is attached to the wheel.  The outer wrap assembly is accessible and could possibly be disassembled, if deemed necessary.

Important Design Considerations

Wheel Assembly:  To ensure proper location in space, the axle is pinned to the structure and locating pins where used to locate the wheel to the bearing and bearing to axle.  Also, prior to mounting the wheel assembly to the structure both axial and radial runouts of the wheel where measured to be ±0.0015 in. in each with respect to the axle.

Tapered Pin Blocks and  Bushings:  To insure proper location when installed, a jig was designed and used when mounting the pin blocks (on the wheel) and the bushings (on each dispersing device).

Drive Assembly:  The end of travel hard points, provided by the chain blocks, are required to prevent the wheel from over rotating, which would cause damage to the cable wrap.

Clamping and Freeplay:  It is important that the device be free of the wheel so that it will properly locate on the base matrix ring and to ensure that no force are transmitted to the device.  Proper freeplay will be achieved when the mechanics have been properly assembled and the positions are correctly determined.  To ensure each device is free of the wheel when clamped in the active position, the follow procedure was developed to derive the position (encoder value) lookup table:  ‘home’ the wheel to ensure the encoder value is zeroed; engage a device with the clamps; ensure the device is free of the wheel and pin blocks by releasing the motor, the motor holding current and wheel break and jiggle the wheel; force the wheel to one end of the freeplay and read the encoder value; force the wheel in the other direction and find the encoder value; use the average value.

Wheel Balance:  The location of dispersing elements on the wheel was deliberately designed to maintain wheel balance.  For example, the grating tilt mechanisms are the heaviest elements and are positioned approximately 120° apart.  Specifically, GTMs should occupy positions 3 and 5.  Grisms should be mounted in positions 2 and 6.  The mirror should be placed in position 4.  Position 1 can be considered a utility position that can accommodate a GTM, if three grating are needed, MOE, or the LDP.  DSS wheel balance is important because it ensures that the drive is not overloaded.  Also, an unbalanced wheel has been seen to effect the instrument rotator.  

Initialization Procedure

Proper intialization and operation of the DSS is possible when the following lockout conditions are satisfied:

· The clamps must be fully open, which will require air pressure.

· The wheel must be fully loaded and all devices must be correctly seated.  All devices will seat correctly when the proper return springs are installed.

· The wheel must be fully loaded and all four switches at each position (24 switches in total) must be activated before the wheel can be rotated.  

· The limit switches and sensors must be reporting proper state conditions (they are selected for fail-safe operation)

With these conditions met, the initialization procedure will 'home' the wheel and reset the encoder to provide correct position feedback.  Once 'homed', the DSS will be set to the default direct imaging mode, as specified in the instrument setuptool file.

Normal/Expected Operation

When operating as designed, wheel rotation is quick (appropriately 45 seconds from limit to limit), and quiet.  Once properly rotated into the beam path, the clamps will be activated, pulling the selected device off the wheel and into position, where the matrix ring on the dispersing device will engage the matrix ring fixed on the structure and the wheel brake will be applied.  When fully engaged, sensors on the latch assembly air cylinders will be tripped.  Clamping malfunctions are flagged when all sensors aren't activated.

Due to the design of the latch assemblies, the clamping action can be  loud.  The sharp sounds of metal-on-metal contact should be expected.  Clamp assembly air pressure should be set to 100 psi to ensure full and proper engagement of the matrix rings.  This condition is needed to hold a solid, stable dispersing device in the beam.

Using the Change Tool

A change tool has been provided for device changes to configure the DSS as needed.  The DSS should be initialized after a device change to ensure proper operation

Troubleshooting

Several issues have arisen during the assembly and testing and commissioning phases that are addressed for future reference.

Clamping Issues:  The design of the clamp system and device interface has revealed difficulties that can require special attention, especially during times when a new device is delivered for use.  The clamping issues observed can be attributed to slight assembly variations and to the fact that the center of gravity lay ‘ahead’ of the mating plane.  This offset ‘forward’ moment causes the device to move non-uniformly off and on the wheel along  the tapered pins.  The uneven motion can result in both clamping and seating errors.  In an effort to mitigate these problems several steps were undertaken.  Firstly, the action of the individual clamps was slowed (using flow control valves) and tuned so that each clamp better engaged and released the device in unison. Also, the tapered pins and bushing blocks were lubed with a thin layer of vacuum grease.  Finally, a combination of light and medium extension springs was found to best suit the moment of each device.

Initialization Failure

The Disperser Server fails to initialize due to a 'home not found' error.  The mostly likely cause for this is that a hard limit switch has been tripped.  Resetting the hard limit logic should rectify the problem.

Clamping Errors

Position Feedback:  Clamping failures can occur if the wheel losses accurate position feedback information.  Symptoms of this problem will be a misalignment between the matrix rings when clamping or a tripped limit.  This can happen when the wheel is overly unbalanced or if the wheel wasn't initialized after a device change.

Loss of Air Pressure:  The pneumatic solenoids that change the state of the latch assemblies requires a minimum of 35 psi for proper operation.

Loss of Power:  Power loss to any sensors (due to problems at the rack, severed cables, etc.) will flag software lockouts and prevent actions that could damage the system.  Also, the pneumatic solenoids would not function unless powered. 

Diagnosing Problems and Troubleshooting Error Messages

The recommendation and procedures provided below are not exclusive or exhaustive.

If an error message occurs during operation the recommended diagnostic procedure is as follows:

1. Note and record the last command attempted. 

2. Note and record the state of the instrument as reported by the user GUIs and telescope operator.

The next steps require a break in observing but are necessary for proper and full diagnostics.

3. Check the simple things first: has the rack power been lost; has the rack power cycled (if so the rack computer has been reset – as shown on the rack monitor); has the hard-stop logic been tripped; has the instrument air pressure dropped.

4. Remove the panels and investigate the error of failure.  Piece the error message and system state together.  Look for problem conditions, what happened and why.

5. Contact key IMACS personnel at SBS; Alan Dressler, Tyson Hare, Christoph Birk, or Alan Baggish.

The following is a list of common error message and what may cause them to be flagged.

home not found:  This message would be reported after an initialization command when the wheel isn’t moving.  The most probable causes for this problem include: no rack power; the hard limit logic has been tripped; the encoder isn’t operational.

select-collision error:  This error message is issued when the wheel has stopped somewhere other than a valid, defined position and the clamps want to close.  Again, the most likely possible causes include: the hard limits have been tripped; the encoder is not functioning; something could be slipping in the drive train at the gear or reducer interface; the power on the rack was temporarily lost causing the encoder values to be lost.

clamp-collision error:  This error is issued when the clamps are not fully open.  Possible causes for error include: low air pressure; faulty proximity sensor on one of the air cylinders

wheel position not loaded error:  A device is not properly seated on the wheel.  This message will be displayed when: all four switches on the pin blocks aren’t depressed; the spring force may not be high enough to return the device.

Select Collision error:  This error message is issued when the wheel has stopped somewhere other than a valid defined position and the clamps want to close.  Poss

solenoid/air-cylinder/sensor latch error:  Device is not seated on the base matrix ring.  This might occur when a device is not free of the wheel (the wheel is not indexed correctly (encoder hasn’t been initialized)); air pressure is low; the spring force is too high.

