Rules for Building and Classing Underwater Vehicles, Systems and Hyperbaric Facilities American Bureau of Shipping (2002)

This is the standard of standards for submersibles.  ABS has classed more submersibles than any other classing organization.

Section 1: Scope and Conditions of Classification (12 pages)

This must be the section written by the attorneys, as it discusses disclaimers, limitations and liability.  Here ABS lays out the roles and responsibilities of the ABS, the builder, the ABS surveyors, the government, and the port state.  It also specifies the reliance on other ABS and Coast Guard documents in the process of certification.  The most interesting section for the home-builder is probably the three page listing of plans, calculations, data and test results the ABS requires for certification.

Section 2: Definitions (5 pages)

This section includes the definitions of 35 key terms used in the ABS document.  All definitions have odd numbers assigned to them, allowing even numbered additions to be inserted at a later date to allow expansion without renumbering. Most are simple, elegant one or two sentence definitions.

Section 3:  General Requirements and Safeguards (8 pages)

This section is a miscellaneous grabbag of requirements for equipment (such as navigational equipment, emergency locating devices and towing equipment), materials (such as paints, insulation and deck coverings), tests (such as the hydrostatic test, strain gauging and post test examinations) and hazards (such as hydrogen buildup, entanglement and diving with an open hatch).  With these odds and ends out of the way, the standards now proceed with a more orderly and systematic inventory of major systems and processes for submarine design, fabrication and testing.

Section 4:  Materials (4 pages)

The first of three subparts defines the grades of steel, aluminum, acrylic plastic or other materials required for hulls, fasteners and fittings.  The second subpart describes the tests to be required for assuring the integrity of the finished product, such as the criteria for inspections and drop weight tests.  For ABS classing, a Surveyor must be present during inspections and tests.  The final subpart of this section addresses protection from corrosion and galvanic action.  The section notes that, where applicable, these standards are to be used in conjunction with ABS Rule Requirements for Materials and Welding, Part 2, Chapters 1 and 3.

Section 5:  Fabrication (12 pages)

This is primarily a section about welding processes and standards.  After describing the need to maintain identification markings on materials for pressure parts until fabrication is complete, this section goes on to discuss alignment tolerances, joints, the welding of both ferrous and non-ferrous materials, and several forms of out-of-roundness.  There is a brief subsection on surface finishing of machined parts, and four figures illustrating the locations of typical welded joints of different categories, maximum permitted deviations from circular form, arc lengths and values of arc length of out-of-roundness of  spheres.

Section 6:  Metallic Pressure Boundary Components (21 pages)

For you math majors out there…this is your section.  After describing standards for addressing localized loads, reinforcement requirements, fatigue, drainage and corrosion allowance, the standards gets into the definition and determination of yield point and yield strength.  Six pages of symbols, nomenclature and formulas follow.  This is followed by an additional six pages of formulas for calculating conical shells under external pressure.  The section closes out with two pages on calculating spherical shells under external pressure and requirements for the strength of the exostructure to deal with unanticipated loads from bottoming, collision or contact with the tender.  This section includes 6 figures and notes that, where applicable, this standard is to be used in conjunction with ABS Rules for Building and Classing Steel Vessels, Part 4, Chapter 4.

Section 7:  Windows and Viewports (6 pages)

This section begins by defining basic terms, such as design life and service life, then goes into the drawings and data that must be submitted to ABS for certification.  The next subsection includes design parameters and operating conditions duplicated from ASME PVOH-1 (currently PVOH-1a-1977).  The section then goes on to list 5 different window (and veiwport) certifications required by ABS, such as design and pressure testing.  After a brief treatment of flanges, it describes materials and standards for fabricating, installing, pressure testing, marking and repairing windows (and viewports).

Section 8:  Life Support and Environmental Control Systems (10 pages)

This section begins with some general design principles (e.g. carbon dioxide levels will never exceed .5 percent by volume at one atmosphere), and lists the 7 plans and data to be submitted to ABS, such as specifications for the breathing gas system and the temperature control system.    The next two subsections include the requirements for storing and using gas and for monitoring and removing carbon dioxide.  

The discussion of normal life support requirements is followed by sections on reserve and emergency life support system requirements.  The subsection on piping specifies requirements for materials, fittings and valves.  The next subsection addresses life support instrumentation and lists the 7 parameters that must me monitored to meet ABS requirements, such as oxygen content and both internal and external pressure.  The next section describes the required controls over those monitored parameters.  Specifications for a diver lock-out compartment are provided, followed by subparts on pressure equalization and air compressor requirements.  The final subpart is a single sentence long…mercury is not to be used for anything in your boat.

Section 9: Engineering Systems (4 pages)

Engineering systems include, but are not limited to, mating devices and systems, external structures, ballast tanks, propulsion and steering systems and controls, and emergency.  The reader is again referred to ABS Rules for Classing Steel Vessels.  Mating systems are primarily for boats with diver lockouts.  External systems are those items outside the pressure hull:  fairings, floodable areas, support equipment, etc.  Both hard and soft ballast take requirements are specified.  The section of propulsion systems and steering equipment discusses the design and protection of both shafts and propellers, as well as steering systems and externally mounted thrusters.

Section 10: Mechanical Equipment (6 pages)

Pressure vessels, piping systems and other mechanical equipment is to be designed, constructed, installed, inspected and tested in accordance with the ABS Rules for Building and Classing Steel Vessels.  Plans, calculations and data for mechanical equipment (pressure vessels, heat exchangers and heaters) must be submitted to the surveyor prior to construction, and the surveyor  must be present for construction, installation, inspection and testing.  

The subpart on piping systems addresses standards for wall thickness, provides the formula for calculating the thickness of pipes and tubes subject to external pressure, and provides requirement for piping systems penetrating the hull.(or other pressure boundary).  Although ABS provides the Navy standard as an example of a color-coding scheme for piping (dark green for oxygen, black for low pressure air, silver for exhaust, etc.), they do allow other standards to be used, such as the IMO Code of Safety for Diving Systems.  The section concludes with a discussion of radiographic examination of welded piping connections (mandated in some cases), criteria for pumps and compressors, and a listing of 6 pieces of equipment that are mandatory if applicable (controls for depth and attitude, internal release devices, anchors and cables, etc.).

Section 11: Electrical Installations (10 pages)

This section addresses power, voltage, underwater safeguards, batteries, motors, electrical distribution and circuit protection, distribution cables, wiring and penetrators, electrical controls and communication systems.  Again, the standard refers back to the ABS Rules for Building and Classing Steel Vessels.  The goal of standardizing these systems is to avoid the threats of fire, explosion, electric shock, emission of toxic gasses, or galvanic action on the hull (or other pressure boundary).  Both main and emergency power sources are required, and the requirements of the changeover from one system to the next must be specified. The requirements for both normal and emergency communications are specified.

Section 12: Additional Requirements for Submersibles Intended for Transportation of Passengers (6 pages)

Passengers are those other than pilot and any crew.  The operational restrictions and safeguards subpart lists the 6 additional parameters to be submitted to the surveyor in the case of passenger carrying submersibles.  The operator must survey the dive site, document the findings and provide them to the pilot.  Submersibles carrying more than 6 persons must have at least two access hatches, and machinery spaces are to be segregated in some cases.  This section discusses bilge systems, lifting lugs and the protection from corrosion and for acrylic windows.  Considerations for maneuvering, surfacing, propulsion, navigation and position indication are also included.

Requirements for reserve life support and the testing of that support are specified.  The air conditioning and thermal protection are addressed, along with fire detection, protection and extinguishing, and passenger protection.

Section 13: Surveys After Construction (1 page)

This is short enough to be quoted in full.  The surveys after construction for Underwater Vehicles, Systems and Hyperbaric Facilities are to be in accordance with the applicable requirements as contained in the ABS Rule Requirements for Survey After Construction – Part 7.

Appendix 1: Certificate of Support Components (1 page)

Introduction to the next 4 sections, this section describes the procedures for classing components not originally built under the supervision of the surveyor, but later requesting to be classed.

Appendix 2: Certification of Dive Control Stations (4 pages)

This section begins with a listing of the plans, calculations data to be submitted to the surveyor prior to fabrication.  The next subpart describes the location, construction, mechanical protection features of the station.  The subpart covering controls, displays and alarms includes those 15 operating parameters that must be monitored (including pressure or depth, temperature and humidity).  This is followed by subparts on communications requirements, testing, trials and surveys after construction.

Appendix 3: Certification Chambers, Diving Training Centers an Dive Simulators (8 pages)

This lengthy section unlikely applies to the average Psub builder.

 Appendix 4: Certification of Handling Systems (15 pages)

This lengthy section unlikely applies to the average Psub builder.

Appendix 5: Certification of Remotely Operated Vehicles (ROV’s) (4 pages)

The subpart begins by listing 13 plans, 7 documents and 8 design analyses that must be submitted to the surveyor prior to fabrication.  The next subpart specifies the contents of both the operating and maintenance manuals, as well as the requirement for access to them.  The subpart on design lists the 5 sections of the rule that apply to various ROV components.  This is followed by subparts covering access to equipment, lifting points, and instrumentation.  The final subparts address requirement for the deck control station, tests and trails, and finally surveys after construction.

 Appendix 5: IMO – Diving Bell Emergency Locating Device (2 pages)

This appendix is a reprint of a section from the IMO (International Maritime Organization- A United Nations Organization) Code of Safety for Diving Systems.  This requirement applies to diving bells, not Psubs.

