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US Stepper      1072 S. De Anza Blvd #372, San Jose, CA USA

www.USStepper.com         Email: MLee@USStepper.com          Phone:  408 741 5342   FAX: 419 821 7323



Date: August 22, 2002 

Subject: Precision Positioning

To: Sheri White,

I would like to respond, as best as I can, to your request of Aug 12th:

“I just wanted to follow up on our last meeting.  What we would like to get out of you first is a top ten list of key issues (problems) in precision positioning (and how they can be handled).  I think that is the main aspect that some of us are trying to get a handle on.”  

I understand that we need to point an item weighting up to 33lbs (Raman Spectrometer head) at a spot that may be about 20 inches from the item’s center of gravity (CG). This spot may be located under the sea at a deep as great as 13,000 feet (pressure is 6,000 psi). Our pointing stability is to be +/-0.002” relative to the spot center. The ocean currents may randomly range from 0 to 7 feet/sec. We also need to be able to return to this spot center with in +/-0.002” at any time during one deployment.

The above specification is what I have gleaned for my use in looking for a solution. The above items are the most pertinent to me. There are, of course, many other items that have been published and need to be dealt with; but they are, in my mind, secondary to the ones on the above specification. Also I understand that all the above items are negotiable to some degree or another.

In the following pages I will attempt to demonstrate what I think the top ten list of key issues is and what can be done using the tools (parts and resources) we have and the time we have.

Thank you for the work,


Martin Lee
US Stepper

The following table lists items to be considered when designing, testing, and building the Monterey Bay Aquarium Research Institute’s “Precision XYZ Positioner”.

Key items to be provided for:

3A mechanically stable foundation


4A means to measure the foundation’s mechanical stability


5A rigid 6 axis stage (3 moving axes)


6Low vibration input to the stage system


7The ability to test the system’s performance prior to deployment


8Ease of part replacement and alignment


9Ease of alternate stage/platform configurations done by the user


10User monitoring of critical operating items while system is deployed


11Parts that have a favorable track record while used at depth


12Portable (battery operated?) controller for use prior to deployment





A mechanically stable foundation

The foundation for this stage system starts at the ocean floor and we need to connect it as rigidly as possible to the floor.  


Implementation possibilities:

1)

The connection to the ocean floor may be from a platform with three working feet (tripod) that use a single pointed cone on each foot. This is to increase the force per unit area at the floor surface and allow the three points to be driven through any material that may cause some instability.

2)

It may be good to have an additional hold on the floor by using a suction cup that could be mounted between the three leg mounts. This suction cup would be held to the surface until its pump could overcome the leak rate of the suction cup. The additional downward force produced by this means could help hold the unit on sloped floors.

A means to measure the foundation’s mechanical stability

Since the ocean’s floor is not mechanically predictable from location to location, we need a means to know how rigidly we have connected to any one deployment position.

Implementation possibilities:

1)

We may want to use 1 or 2, three axes accelerometers mounted to measure the platform’s motion as we move the load. These sensors will also tell us about any system vibration due to ocean currents and other sources.

2)

These sensors could be mounted inside of the linear stage housing that is mounted to the platform. This would allow their output to be sent to the motor controller’s electronics. We would avoid, in this way, adding more connectors and another RS232 data port.

A rigid 6 axis stage (3 moving axes) 

The position of our payload (Raman Spectrometer head) needs to be fixed in all 6 degrees of freedom. Since there are both internal and external forces acting on the payload, these forces should not move the position that the payload’s beam is pointing to more than +/- 0.002”. This requires rigidity in all 6 axes. This also requires motion repeatability in the 3 moving axes.

Implementation possibilities:

1)

We may want to purchase 3 each linear stages and contain each one in a box of its own with oil as the filler. Then stack the stages by mounting the first one to the platform, the second to the moving part of the first in an orthogonal direction and, the third to the second at right angles to both the first and second. The load will attach to the third stage’s moving part.

2)

When looking for stages we will want to consider the stiffness on all six axes of each stage and then sum all the stages’ stiffness along with an estimate of the platform’s stiffness. When we have a model for the rigidity of the stage system then we can see what the forces of the ocean’s currents and other vibration inputs may do to our beam pointing specification.

3)

A possible laboratory test setup may include a CCD array (digital video camera) that we can watch the scanning of the system, over the CCD array, with and with out external forces.


Low vibration input to the stage system

We want to avoid imbalance of the stage motors, vibration transmitted by the umbilical cables, and minimize the coupling of the sea’s motion to reduce the rigidity requirements of the stage system.

Implementation possibilities:

1)

It may be good to balance the parts that move the stage by turning. This is most effective in the larger diameter parts.

2)

The umbilical cables can transmit vibration from their source connection as well as pickup vibration from the ocean’s currents. It may be good to strain relief the incoming cables at the foot of the platform. Strain relief at the foot may tend to reduce the cable vibrations prior to them being able to shake the less rigid stages.

The ability to test the system’s performance prior to deployment

This item is very similar to the check list of items done by those checking a plane prior to take off. We need to be able to exercise the stage system prior to deployment and with enough sensors to give a reasonable assurance that it will be functional at depth.

Implementation possibilities:

1)

This check list is best if integrated with the operating program as a standard start up procedure. Recording the results of this system performance test may give early insight into possible part, or sensor failure.

2)

Some of the sensors that may be good to use are an oil resistance test sensor which can tell if the oil is becoming contaminated with sea water. Another useful sensor is motor current. This will show when we are having trouble with the stage slides or are pushing something that may be immoveable. Also it would be very useful to know at power up as well as real time what the current stage position is. This may seem like a simple requirement, but most stage systems need to “home” themselves to reset the zero position in their controller. We may not have the luxury of moving to a mechanical “home” position with out hitting something. A motor temperature sensor is useful since it can tell us much about the electronics and motor performance as the system is being used.

3)

We may want to consider a portable test/shipping stand that could be used to exercise the system prior to loading it on the tool sled for deployment.

Ease of part replacement and alignment

When the stage system is damaged, due to handling or wear or any other cause, it is important that the design minimize the use of special tooling and/or special personnel training to bring it back to operating condition.

Implementation possibilities:

If we use three stages it is may be best if all three were exactly the same. This allows the replacement of any stage to be done the same as any other. Also we may only need one replacement stage to carry with us. We would only need to learn how to setup and maintain one stage.

Ease of alternate stage/platform configurations done by the user

This system is intended to probe items at the ocean’s floor as well as items standing above the floor (vent chimneys, rocks… etc.). It may not be possible to build one system configuration to fit all targets. We need to consider that changes in the stage and base will most likely be done at sea. These changes should be accomplished quickly and with out realignment of the system.

Implementation possibilities:

1)

We may want to consider several mechanical configurations for the stage setup. For example, three setups may be: looking down at the floor, looking at a low vertical wall, or looking horizontally at a tall object. These three setups would then be tested and pinned so that subsequent setups will be mechanically the same. This minimizes time and errors when changing from one setup to another.

2)

All the “standard” setups would have a modified check list and unique performance specifications.

User monitoring of critical operating items while system is deployed

This stage system will be using motors, sliding joints, cables, seals, and gangly external items and be lowered into areas of the sea that are not necessarily known as to what hazards may be encountered. It is important that the user be able to watch the status of motor torque, sticky/bound joints, leaky seals, and operating temperatures. 

Implementation possibilities:

See: “The ability to test the system’s performance prior to deployment” 

Parts that have a favorable track record while used at depth

It is important that part choices be made with a view to minimizing testing. When possible, we want to use parts that have been used in the ocean at depth. There is a lot to be said for actual experience verses predicted behavior of an item. 

Implementation possibilities:

1)

We have a stage motor/controller from Semifusion that has been tested to over 15k feet.

2)

We can use an oil filled box for each stage.

3)

We want to use proven cabling and connector means.

4)

The materials that we expose to the sea water should not be marginal as to their survivability. 

5) 
We need to minimize items that may require user maintenance. Any time a machine is worked on there is possibility that something will be done incorrectly. 

Portable (battery operated?) controller for use prior to deployment

During our development of this stage system it would be expedient to have a portable target controller that will allow us to test and exercise our independent items, build and test our user maintenance and operating routines, and act as the model for how our final ship board controller will function.

Implementation possibilities:

1) We may want to use a laptop computer as this controller.

2)

If possible, a high level language could be used to allow several people to write routines for testing and qualification.

3)

It would also be good to catalog all the useful routines we use to test the independent items for use as examples to others. We could leave the library on this portable controller.
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