Proposed Outline of Workflow for WHOI and MBARI on MOOS Mooring Analysis

20MAR01

 Dear Walter and Mark,

We have put together the following outline of the collaborative work flow on the MOOS dynamics and strain relief work so we can start to coordinate visits and track progress at each end of the country! We used as a basis your proposal and some of the other memos we’ve been passing around. Does this work flow make sense from your end? If it looks OK and you believe it captures the general plan can you estimate dates for the milestones shown? Please comment freely.

We are of course interested in making as much progress as possible as soon we can. We are planning on a concept design review of the mooring system in May if at all possible. Your work is vital for the review however so we are dependent on your schedule.

Step 1  Hydrodynamic modeling of configuration 1, “upper water column”.

Requirements and inputs:

a. Environmental conditions at two sites listed.

b. Straw-man mooring design, configuration 1.

Work flow:

a. Determine which geographic site should be the design driver (most demanding conditions) based on initial review of the wind, sea-state and current forcing.

California Coast
27.5N/135W
4000 meters deep

Or 

Outer Monterey Bay
36.7N/123W
3100 meters deep

b. Perform dynamic analysis at the chosen geographical location using the straw-man design for the following environmental condition:

(a) Max mooring loads and configuration during 25 year return period storm.

(b) Mooring loads and configurations using actual depths (shown) and generic depth of 4000 meters (max. system specification).

c. Iterate on the mooring design to optimize performance for (not in order):

I. Minimize size of the surface float/subsurface float (if used).

II. Maximize verticality of upper 300 meters

III. Minimize vertical excursion of AUV docking station section.

IV. Maximize service life.

V. Minimize riser cable weight/diameter/cost.

VI. Maximize ease of deployment (uncontrolled lowering if possible).

VII. Minimum possible deployment depth capability (ideally < 1000 meters).

Visit to WHOI by Mark Greise during iteration stage?

d. Milestone – configuration 1 optimum design chosen.

e. Characterize mooring loads and configuration of optimal design from c. above during the mildest 90% probability of sea state (for example for generalized North Pacific locations this is estimated to be sea-states up to and including Sea State 6 based on some references we’ve seen). If possible we’d like to get buoy pitch, roll, yaw excursion angles and accelerations for these conditions for antennae fixed beam coverage analysis and peripheral equipment design.

f. Estimate what the yearly distribution is of the mildest 90% probability of sea state.

g. Estimate adjustments and performance hits for modifying optimal design from c. above for surviving 50 year return period storm.

h. Estimate survival storm period of optimal design from c. above at the following location (i.e. can it survive a 10 year storm, etc.):

Station P
50N/45W
3600 meters deep

i. Milestone – analysis of configuration 1 complete.

Step 2  Hydrodynamic modeling of configuration 2, “benthic configuration”.

Requirements and inputs:

c. Environmental conditions at two sites listed.

d. Straw-man mooring design configuration 2.

Work flow:

i. Determine which geographic site should be the design driver (most demanding conditions) based on initial review of the wind, sea-state and current forcing.

N.E. Pacific Rise
25N/109W
2500-3500 meters deep

Or 

Outer Monterey Bay
36.7N/123W
3100 meters deep

j. Perform dynamic analysis at the chosen geographical location using the straw-man design for the following environmental condition:

(a.) Mooring loads and configuration during 25 year return period storm.

(b.) Mooring loads and configurations using actual depths (shown) and generic depth of 4000 meters (max. system specification).

k. Iterate on the mooring design to optimize performance for:

I. Minimize size of the surface float.

II. Minimize vertical excursion of AUV docking station.

III. Ability to service top of mooring string to replace components subject to mechanical wear, fatigue and drag-inducing bio-fouling without releasing anchor (top 50-100 meters?).

IV. Maximize service life.

V. Minimize riser cable weight/diameter/cost.

VI. Maximize ease of deployment (uncontrolled lowering if possible).

VII. Minimum possible deployment depth capability (ideally < 1000 meters).

Visit to WHOI by Mark Greise during iteration stage, probably running simultaneously with configuration 1?

l. Milestone – configuration 2 optimum design chosen.

m. Characterize mooring loads and configuration of optimal design from c. above during the mildest 90% probability of sea state. Same as before we’d really like to get buoy pitch and roll excursion angles and accelerations for these conditions if possible for antennae fixed beam coverage analysis and other design areas. (if wave follower only, angle and acceleration for worst seas)

n. Estimate what the yearly distribution of the mildest 90% probability of sea state.

o. Estimate adjustments required for modifying optimal design from c. above for surviving 50 year return period storm.

p. Estimate survival storm period of optimal design from c. above at the following location (i.e. can it survive a 10 year storm, etc.):

Juan de Fuca
46N/131W
2780 meters deep

q.  Milestone – analysis of configuration 2 complete.

Step 3 Concept design of strain relief

a. Design analysis of strain relief system based on load data from steps 1 & 2 above.

b. Milestone – strain relief analysis and concept design complete.

c. Visit to North Carolina hose factory by Walter Paul and Mark Greise.

d. (Further detailed design and specification by Mark Greise w/ Walter’s guidance).
Step 4 Concept design of compliant conductor link.

a. Concept design of coil cord system based on elongation data from step 3 above.

b. Visit to Vermont factory by Walter Paul and Mark Chaffey and optionally Mark Greise.

c. Milestone – Coil cord concept design complete.

d. (Further detailed design and specification by Mark Chaffey/Mark Greise if necessary).

Step 5 Concept design of riser cable (or cables) construction.

a. Design assistance on specification of EOM riser cable(s) for mooring system based on tension and bending loads from steps 1&2 above.

b. Milestone – EOM cable specification complete.

Most likely steps 1 & 2 and 3 & 4 will most likely run concurrently as there is a lot of overlap in the work involved.
