Pup Testing

Sub-Assembly Testing  (Load and Deflection)

The linear actuator was modified from the “as-built” mechanism received from the vendor to provide a stiff assembly capable of carrying the weight of the probe head.  Early prototype testing of the slide sub-assembly under various load conditions was performed to verify that the system could meet the load requirements.

The load testing was conducted for 1 cm incremental extensions of the slide mechanism up to 15 cm (~5.9 inches).  Loads were increased in 20 lb (9.1 kg) increments from 25 to 85 lbs (11.3 kg and 38.5 kg, respectively). The data revealed that the system behaves repeatably and can be characterized mathematically.  For a 25 lb (11.3 kg) load, the deflection is just within our precision requirement of 0.10 mm (see figure below).  The DORISS probe head is 13 lbs (5.9 kg) in water.

Full System Testing (Spectral Acquisition)

Testing was performed in the lab (in air) to verify that the PUP system could position the DORISS probe head precisely enough to obtain quality spectra.  This testing was performed with the DORISS stand-off optic which has a focal depth of ~1 mm in air (see figure).  Positioning the focal point is critical for an opaque target.  We used PUP to focus DORISS on a polished silicon wafer (a strong Raman scatter with stringent positioning requirements).  After obtaining a spectrum, the PUP was moved to the home position and commanded back to the position at which the first spectrum was taken.  A second spectrum was then taken which matches the first exactly (see figure), thus verifying the ability to return to a previous position with a high degree of accuracy.

PUP at Sea

PUP has been deployed three times in Monterey Bay using the ROV Ventana (see figure).  These engineering dives have allowed us to fully test the PUP system to a depth of 1020 m.  The off-loadable component of PUP with the DORISS probe head has an in-water weight of ~25 lbs.  The Ventana manipulator was able to easily lift and postion PUP on the seafloor.  

A series of tests were performed on the seafloor to test all of PUP’s systems.  Both actuators were able to move through their full range of motion at a variety of speeds, and were able to move in increments as small as 0.1 mm.  The tilt sensors on the PUP indicated that despite sitting on soft seafloor, the PUP was stable through the entire range of motion.  We were able to use the PUP camera to visualize targets and the crossing-lasers used to identify distance to the target (see picture).

As is typical during the development of a new instrument, we have encountered a variety of problems with the PUP system.  These include faulty limit switches in the actuators, sticking of the actuator mechanism posibiliy caused by temperature or pressure effects, defective cables, and networking problems.  Additionally, the DORISS system has had a number of communications problems that have prevented us from obtained spectra on the seafloor with the PUP/DORISS system.  These problems have been addressed and we hoped to collect the first in situ spectra using PUP/DORISS during a December 16-18 cruise on the R/V Western Flyer using the ROV Tiburon.

Conclusions

A precision underwater positioner is necessary to obtain quality Raman spectra from solid, opaque targets on the seafloor.  The incremental development approach the PUP team is taking will allow an early, reduced-feature system to be put into operation in the near future.  This is will allow scientific progress to be made with the DORISS and will provide important operational feedback to ensure a useful final product.  The full 5 degrees-of-freedom system decided upon in the concept phase will greatly enhance the ability of the DORISS to collect quality data from a variety of targets and deep-sea environments.  We plan to deploy DORISS/PUP at Hydrate Ridge and at hydrothermal vents on the Cleft Segment of the Juan de Fuca Ridge during a 2004 expedition.  Although, designed primarily for the Deep Ocean Raman In Situ Spectrometer,  PUP will be of use to any instrument requiring precise positioning.
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