Exploring the Deep Blue Sea

Offshore engineering has grown rapidly in the last few years as the world searches for new resources. Exploring the deep blue
requires specialized hardware that can withstand harsh sea conditions (e.g., sea state 5 for ship mounted cranes) and strict safety
margins as outlined by Det Norske Veritas (DNV), headquarted in Oslo, Norway (e.g., offshore oil drilling equipment) or by the ship
classification society, American Bureau of Shipping (ABS) (e.g., manned submersibles). Two recent projects are discussed that cover
the analyses of a ship-mounted crane for the launch and retrieval of a remotely piloted deep sea drill and that for top drive drill
assembly used in the north sea oil patch. Both projects provided analysis challenges in understanding the special requirements for
rough seas and those imposed by DNV and the American Petroleum Institute (API) for oil field equipment.

Analysis Tool:

Both models are assemblies and required the used of beames, rigid links, special DOF spring elements and contact elements (linear
contact algorithm) to enforce bolted connections and contacting surfaces. Model size was gigantic with the top drill assembly
reaching a million nodes (10-node tetrahedrals). 64-bit NX Nastran was used through out this investigation and was able to
generate run times in minutes on the large models.

Model Details:

Of course, the FEA models were built using Femap. Geometry was imported from Pro/E and Solidworks and used as the foundation
for both models. The geometry for the crane structure was reduced to a surface model and meshed using plate elements. The top
drive drill structure was pure solid meshing. Additionally a drawworks and a winch package were modeled for the same company.

Analysis Results:

The crane model required about 20 iterations to arrive at the final optimized design whereas the top drill took five major design
changes. The top drill model (~3,000,000 DOF) ran in about 8 minutes. As is common, most of the time was spent within the Femap
environment pre- and post-processing the results.

Why?

Quick turnaround was pivotal to the success of this project. With direct geometry transitions (CAD to FEA) and fast solves, both
projects meet their schedules even though there were numerous design iterations. The crane passed its field test with flying colors
and the top drill structure is going into production with the full approval of DNV. With the addition of these two projects,
Predictive Engineering has now successfully completed over 850 projects in the last 12 years.



Fig. 1 Images of ship-mounted crane at sea state 0 and off-shore oil platform with top
drive equipment. The top drive for this project was rated for more than 2,000,000 |bf of
string weight while meeting all API specifications.



Fig. 2 Some views of Femap model using for the ship-mounted crane. The model was
run “piece parted” since each structure acts independently of each other. A winch
frame was also analyzed and sits on the far right of the base structure.
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Fig. 3 The FEA model is shown of the Top Drive Drill assembly. The Pro/E geometry was
directly meshed within Femap. The structure is fully bolted and “contacted”. Stress
results are fully converged with the finely detailed mesh (Jacobian ratio <0.5).



Fig. 4 The crane was field tested using a large water filled bag. It passed with no
problems and is now in service somewhere around the world.



