Rules and Regulations for the Construction and Classification of Submersibles and Underwater Systems

Lloyd’s Register (1989, amended through 1999)

This document is divided into 7 Parts, and is updated through 6 brief Notices, the latest one dated 1 July 1999.  Unlike the American documents reviewed to date, this one has that distinctly European feel: the long paper (half an inch narrower and half an inch longer than the American standard), four hole punched instead of three, heavier paper, steeper price tag, and whimsical words like “whilst”.  A fun read, for an engineering standard.

Part 1: Regulations  (20 pages)

After bragging, with full rights, that Lloyds has been incorporated since 1760, the register goes on with describing certification requirements.  The first chapter describes the composition and governance of the committee responsible for maintaining and enhancing the standards, referred to as the “rules”.  The second chapter includes the prerequisites for classification (surveys, inspections, crew training, reporting damage, availability of a (de) compression chamber, etc.) and advises that submersibles carrying passengers may require additional protocols.  This chapter includes definitions and symbols used in the document, and provides a general introduction to the various surveys to be conducted prior to, during and following construction.  The third and last chapter then goes on to itemize those surveys is detail.

Part 2: Materials and Quality Assurance  (18 pages)

Chapter one states that all materials used in the manufacture of a classed submersible are to be manufactured, tested and inspected in accordance with Lloyd’s Register’s (LR’s) Rules for Materials, or other approved national or international standards.  Chapter two itemizes the attributes to be measured concerning those materials (strength, density, fracture resistance, etc.), then goes on to more specific requirements for structural steel, fiberglass and the components of installed machinery.  Chapter three describes the quality control system LR would like to see established for the manufacture of the pressure hull.  This chapter seems aimed at the commercial manufacturer, going as it does beyond the standard listing of components and testing protocols to address training of personnel manufacturing the hull and the establishment of a separate quality control and testing organization to enforce the standards.

Part 3: Pressure Chambers  (32 pages)

Chapter one describes the calculations to be performed to document design strength, with special emphasis on the calculations for determining the design strength of spherical shells and shell sections subject to external pressure.  Chapter two provides criteria for acrylic windows (the only type ABS or LR will accept), to include materials to be used in manufacture, thickness requirements, other components (flanges, seats, seals and rings), as well as procedures for manufacturing, installation, testing and inspection of windows.

Part 4: Exostructure, Stability and Corrosion Control  (18 pages)

Chapter one describes components external to the pressure hull, recommending they be designed to withstand twice the maximum anticipated load factors.  This covers items such as attachment points, access hatches and anchoring systems.  Chapter two address stability: the six plans to be submitted to assess the stability of the proposed design, the broad parameters of the design (operating depth, number of occupants, etc), and the specific calculations to be submitted to establish buoyancy and stability.  Chapter three addresses corrosion detection, to include an overview of the plans and information to be submitted to demonstrate cathodic protection , sacrificial anode protection and data on all impressed current systems, as applicable.  It also requires the painting specification to be submitted for approval.

Part 5: Main and Auxiliary Machinery, Systems and Equipment  (30 pages)

Chapters one and two cover the design and construction considerations for on-board equipment.  They address the plans and details to be submitted, as well as the factors to be rated, for equipment in general, and propulsion machinery in particular.  Chapter three addresses piping, to include the plans to be submitted, as well as the requirements for connections, fittings, valves, ballast systems and bilge systems.  It briefly addresses the drainage requirements and provides standards for both compressed air systems (two or more options must be available) and hydraulic equipment (a hand-operated backup is required).  This theme of redundancy runs through all of the standards.

Chapter four covers life-support systems to include gas distribution and storage, with particular emphasis on air for breathing.  Emergency gas it to be stored separately from the normal supply, pressure tests are to 1.5 times the design pressure, and the goal for life support is seven days above the planned operation.  Emergency power is also separate from the normal power source, and should power water leakage detectors as well as breathable air monitors.  Separate gas and air purity standards are provided.  Chapter five addresses the requirements for umbilicals, bundles of hoses and cables connecting submersibles to the surface or to another diving chamber.

Chapter six covers environmental hazards, such as fire, toxic fumes or leaks, as well as ergonomic factors, such as the location and labeling of controls and indicators to minimize human error.  This chapter addresses heat build-up, thermal protection, circulation, and the collection and containment of waste products.  Chapter seven addresses lifting appliances, such as frames, cranes or derricks.  Like the submersible itself, these require the submission of plans, surveying during manufacture and installation, and periodic surveys thereafter.

Part 6: Electrical Installations, Control and Fire Protection, Detection and Extinction  (20 pages)

Chapter one addresses the design of electrical systems, to include overall system design, cables and wiring, batteries and umbilicals, as well as hull penetrators and cable connections.  The electrical system is to be suitable for operations under high stress conditions: high humidity, hyperbaric pressure, high salt content, submersible movement, vibration and oxygen enrichment.  Batteries are to be mounted inside a pressure vessel located outside of the pressure hull.

Chapter two covers the control, alarm and safety systems of the submersible.  These systems again require that plans be approved at the design stage, prior to construction..  The focus of the chapter is on air compressors, batteries or generators, hydraulic systems, life support, lifting gear, steering systems, thrusters and other equipment as applicable.  Chapter three addresses fire protection, detection and extinction.  It itemizes the plans to be submitted, the tests to be conducted and the standards to be met.  Only water and the limited use of Halon 1301 is permitted inside the pressure hull of the submersible.

Part 7: Guidance Notes and Recommendations for Design and Operational Purposes  (14 pages)

Chapter one addresses the considerations for transporting a submersible by ship or airplane.  Chapter two discusses the need for a “fitness to dive” certificate, provided to the pilot by the maintenance department every time a submersible is serviced and returned to operations.  This and chapter three are the only chapters in the rules marked “(for information only)”, although it is not clear exactly what this designation means.  The chapters are written in the same mandatory spirit as the other chapters of the rules, and no discussion of a wavier is addressed in the introductory text.

Chapter three describes the need for keeping notes during the duration of the dive and transferring those notes to the dive log at the completion of each dive.  It also addresses the requirements for crew and, where applicable, passenger training.  Chapter four covers spare gear and consumables, to include gas and air, CO-2 absorbent, ballast, fuel, filters, and other miscellaneous items.

Notices 1-6

1. Addresses issues of governance (4 pages)

2. Addresses materials selection (1 page)

3. Addresses strength calculations, umbilicals and fire protection (4 pages)

4.  Addresses governance and the right of the committee to deny classification to certain vessels (2 pages)

5.  Addresses governance (3 pages)

6.  Addresses governance (2 pages) 



